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ABSTRACT
An investigation has been made into the effect of a 
right angled pipe bend on the heat transfer from a hot air 
stream to cold pipe walls. Pipe bends of various curvatures 
have been studied and the internal pipe diameter has been 
maintained constant.
Reynolds numbers in the turbulent9 transitional 
and Streamline regions have been considered and the variation 
of heat transfer coefficient with Reynolds number is 
illustrated. .
The test section consisted of a pipe bend and 
upstream and down stream straight pipes. The pipe wall was 
at constant temperature and the heat flux varied.
A complete heat flux survey of each test section 
has been carried out and local heat transfer coefficients over 
the length and around the periphery of the pipe have been 
calculated. Average heat transfer coefficients have also 
been determined.
The results have been correlated by relating heat 
transfer coefficients to established friction factors for 
curved pipe flow. The following equations are recommended 
for calculating heat transfer coefficients for systems 
containing pipe bends 5-
Streamline flow:-
hA
1- fc (p) 0 . d 
fs (d) 2 L,T
Turbulent flow:- Re (^d) 2 >91
hA = h
U£b (Re)°o17 Lt
Re (DA)"2 <T 91
hA = hT _ _
o . A 5 S W £ . \
l±fs (R3)0o2L,p
where: -
hA = Internal heat transfer coefficient for pipe containing 
bend (Btu/hr.ft2»°F),
h,p = Internal heat transfer coefficient for straight pipe 
(Btu/hr, f t2 o °P)o
d = Internal pipe diameter (ft,)
D = Diameter of curvature of bend (ft),
Lt = Theoretical length of straight pipe (ft.)
fc = friction factor for curved pipe ) (2R
fs = friction factor for straight pipe' ^pv2
0 = bend angle (radians)
Re = Reynolds number (3£a£Ls£ )
M-
air velocity (ft/sec)
"2
air density (lbs/ft' )
air viscosity (ft.lb.hr units)
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CHAPTER I
I. 1, Introduction
In industry space limitations often compel designers 
of chemical plant to include pipe bends in order to obtain 
reversal of flow or simply to change the flow direction* Such 
bends usually involve extra costs in pumping due to the known 
pressure loss caused by the directional change*
' In the Gas industry immersion tube heating of 
liquids finds widespread application and most installations 
have at least one directional change in gas flow*
Prom surveys carried out in the past it appeared that 
causing a directional change in fluid flow increased the 
quantity of heat transferred from an installation* Thus for 
a given heat load plant designed by using straight pipe heat 
transfer coefficients would be overdesigned^ thereby 
increasing costs* Also with an existing installation it is 
very difficult to predict its performance without knowledge 
of the allowance to be made for pipe bends *
It was obvious that a detailed Laboratory 
investigation was required which if possible should yield 
techniques for accurately calculating the heat transfer 
coefficients for pipe systems containing bends* This Research 
is concerned with such an investigation*
- 2 ~
1.2* Survey; of Previous'.Investigations
Analytical and experimental work on heat transfer
from or to liquids in straight ducts has been performed in
considerable detail in recent years. Much of this work has
followed new and advanced theories in hydrodynamics and
1 2 7 Ijaerodynamics. The work of Von Karman ? ? 5 r on fluid flow and
friction produced theories which could be developed to
include fluids flowing with heat transfer occurring.
5 6 7Deissler ? 51 obtained analytical equations for 
calculating the Nusselt number for gases flowing in straight 
pipes with Prandtl number of unity and also varying Prqndtl 
number. The equations allow for variation of fluid properties 
along a radius and there are separate equations for laminar 
and turbulent flow. There are also many empirical equations 
suitable for determining the heat transfer coefficient for
Q
a fluid flowing in a straight pipe e.g. Dittus Boelter
9
equation and Seider Tate' equation.
Fluid flow past obstacles such as spheres,
cylinders etc. has been studied in conjunction with boundary 
10layer theory. Experiments have been carried out on heat
transfer to and from such objects and empirical relationships
between Nusselt, Reynolds and Prandtl numbers have been 
11quoted
The hydrodynamics and aerodynamics of flow in 
curved ducts is complicated. If the duct can be considered
-3t
as two dimensional e.g. a deep narrow channel then the flow |
may he in the form of a free vortex which can he studied j
analytically, However, circular pipe hends are three j
i
dimensional with the occurrence of secondary flow and at i
present there is no analytical approach, j
1 2Squire and Winter provided a theory for ■ 
calculating the secondary flow in a cascade of aerofoils in an ; 
air stream with a variation of approach velocity along the j
span of the aerofoils. Their results were compared with j
measurements of the secondary flow at a cascade at a corner ]
|
in a return circuit wind tunnel. Satisfactory agreement I
. j
was obtained, however, their work was confined to a I
rectangular duct, j
Secondary flow in ducts has also heen studied hy 
1 3Herzig and Hansen , They concluded that the mathematical 
complexity of such flows made direct analytical solutions 
almost impossible. Consequently, their studies were confined 
to experimental work or analytical studies of two dimensional 
boundary layers.
Regarding the flow of hot fluids through hends 
the rearrangement of the temperature and velocity fields 
were studied hy Eckert and Irvine , The duct hends, 
however, were not standard pipe hends hut accelerating 
ducts, rectangular in shape and large in cross section.
Their results indicated that the temperature and velocity 
fields were considerably rearranged due to secondary flow.
- 4 -
ThiB work has application in the design of gas turbines etc.
For a standard pipe bend circular in cross section
o
changing direction through 90 little work has been done.
Regarding the hydrodynamics and aerodynamics of the situation
it is normally divided into regions of streamline and
regions of turbulent flow,
i 3White studied streamline flow through curved tubes 
in the form of a coil. He used coils of various diameter 
ratios (^djand defined a friction factor for flow through 
a curved tubes-
fc = A Fc
ll-Lc/^  vm /
From White*s results it was concluded that the ratio of 
friction factor in a curved tube to that in a straight tube 
was given bys-
£o4b = )1_
Using this equation a graph may be plotted of f c a g a i n s t
the Dean number (&£) as in Perry"^*
For the turbulent region there are many reports
of pressure losses and equivalent lengths due to- pressure
drop in the l i t e r a t u r e , ° , 19?20o j^os .^ reports quote
D/charts relating equivalent length and diameter ratio ' d.
Recent work on pressure losses in smooth pipe bends has
pi 22been carried out by I to 5 „ He summarised previous
investigations and experimented with tubes forming a loop, 
he deduced from his results the following equation for
j-2,22 1 -1
(ReH^D)*
~ 5 ~
friction factor in a curved pipes-
hfo = (a)l r 0.029 + 0.3014- (Re(a)2> _0,25
(D) L  ( (D) )
This equation was deduced assuming the l/?th. power
velocity distribution law and therefore holds for Reynolds
5
numbers up to 10.
22I to also worked with standard pipe bends of various
angles and he defined a total bend loss coefficients-
k. = .■■• P,t t
2 /
V 2g
where P^ is the total pressure drop chargeable to the pipe 
bend. This may be combined with results for fc from his 
previous work to yield the following equations-
kt = 0.158
2for Re (d/p) less than 91 ands -
kt _ 0.158
6(D/d)yi [Ee(a/D)2 ~] °*17
2for Re(d/p) greater than 91*
Data on heat transfer from a fluid flowing through
23a pipe bend is very sparse. The American Gas Association 
have shown experimentally that installation of a pipe bend 
results in an increase in heat transfer. The work was performed 
on 2H diameter immersion tube heaters (gas fired). The 
reference tube contained one return bend and one ell,
-6-
whilst the test tubes contained additional return bends.
(two and five). The results from this work indicated that
the total equivalent length of the bend due to the extra
heat transfer was 1.77 ft, i.e. 1.1 ft longer than the
centre-line length.
From the thermal efficiency results of the A.G-.A.
investigation it was concluded that a 90° ell also had an
equivalent length of 1.1ft in excess of the centre line length.
T)/No indication is given of the diameter ratio ( ' d) or results
for different diameter pipes. The A.G-.A. concluded that
allowances made for pressure loss when applied to heat
transfer gave high values of equivalent length.
2l±Patrick and Thornton used the result of the 
American Gas Association research in their study of immersion 
tube heating of aqueous liquids. The problem occurred in the 
use .of the heat transfer equations -
Q = U A Atm
where A = tt d L , L being the tube centre line length. If 
extra heat transfer occurs due to the change in flow caused 
by the pipe bend then either the heat transfer coefficient 
or the magnitude of L must be altered in the above equation. 
Patrick and Thornton replaced L with an equivalent length 
the latter being calculated by adding 1.1ft to L for every 
bend or elbow. They also replaced L with an equivalent 
length obtained by using the correction normally applied to 
fluid flow design to allow for pressure loss at the bend.
~7~
It was concluded from this immersion tube survey
that the American Gas Association figure of 1,1ft was
insufficient allowance and that the normal pressure drop
length was in excess of that necessary for heat transfer,
25Tailby and Clutterbuck compared the results of
Patrick and Thornton (based on the American Gas Association
figure) with their studies on a straight pipe. It was
calculated that to achieve similar results it was necessary
to add l+fto to the centre line length to allow for a bend.
This* however* is based on the assumption that the
difference found when comparing the calculated efficiencies
of Patrick and Thornton* using Clutterbuck* s equation* with
their measured values was due to insufficient allowance
for bends. This comparison concludes that the American
Gas Association figure is too low,
26Jakob states that because of the great increase
in pressure drop due to a pipe bend in the turbulent region
an increase in heat transfer by convection is expected,
U2The result of experiments by Jeschke is quoted*-
Nu = Nu % (j) c s
where $ = 1 + (^D)
27Jeschke experimented with the turbulent flow of gases 
through coils and his results indicated that the excess 
heat transfer depends on the diameter ratio
-8-
28 29Ede 9 studied the effect of a single right 
angled hend on heat transfer in a pipe0 A diameter
pipe was used and four different curvatures investigated.
The fluid was v/ater and heat was transferred to it at a 
constant flux through the pipe wall. The heating was 
carried out electrically and heat transfer coefficients were 
recorded as variations in the pipe wall temperature. Results 
were reported for the upstream and downstream sections of the 
pipe hut none for the actual hend due to possible 
irregularities in the pipe wall thickness. Nusselt numbers 
were presented graphically and indicated considerable increase 
in heat transfer at various Reynolds numbers especially in 
the laminar regions. Ede concluded that the bend effect for 
an elbow was higher than that for larger diameter ratios 
(D/^). The overall effect was shown to be about the same 
magnitude for lower turbulent numbers but for the (21/1) 
diameter ratio a negative effect resulted. The effect was 
highest for the streamline region. Transitional flow 
produced unsteadiness and depended considerably on upstream 
conditions.
Ede also investigated the distribution of heat 
transfer coefficient around the periphery of the pipe. This 
showed that the coefficient at the outside of the bend was 
higher than that at the inside as expected.
-9~
In certain cases a decrease in average coefficient
after the bend was noted,
The Literature survey shows that very little worlo
has been done in connection with heat transfer from fluids
27flowing through pipe bends« In 1925 Jeschke showed that
an increase in heat transfer occurred if the direction of the
gas stream was changed and yet only the American Gas 
25Association have produced any quantitative results,, These 
results* however* were deduced from data on only two 
installations and the diameter ratio is not quoted* The 
diameter of the pipe was also fixed at 2”•
The results produced by the Tunerican Gas
2U.Association have been used by Patrick and Thornton and by 
25Clutterbuck for comparison with measured values and they
appear to be low*
An equation has been produced by Jeschke but
apart from when it was formulated it has not been tested*
The only other study which is of a qualitative .
28 29natures is by Ede 9 and this was performed under conditions
of constant heat flux with water as the fluid. Also the pipe
! ’*
diameter was rather small ( 'X ).
Rarely in chemical plant does fluid flow not 
undergo a change in direction and consequently for accurate 
design more knowledge is required of the effect of directional 
changes on heat transfer and fluid flow.
- 1 0 -
The pressure drops and friction factors in pipe 
bends have been fairly extensively investigated.
It would appear that further research is necessary 
into heat transfer at pipe bends. The following points are 
indicated;-
1* A research programme is required under laboratory
conditions where variables can be easily controlled and 
accurately measured,
2, Measurements of heat transfer coefficients for a
pipe containing a single bend of known angle should be 
made and compared with straight pipe heat transfer coefficients, 
3« The variation of bend heat transfer coefficients with
Reynolds number should be determined,
bo If possible the diameter ratio (R/^ ) should be
varied and its 'effect on the heat transfer coefficient noted.
In a laboratory this may be difficult as space limitations 
prevent large variations of (R/^)°
5o The research should illustrate the variation of
local heat transfer coefficient both along the length of the 
pipe and around the periphery,
The pressure drop duo to fluid friction in a straight 
pipe is clearly related to the heat transfer coefficient as 
indicated in the Reynolds analogy^ ? Taylor-Prandtl analogy*^ 
and Von-Karman^* analogy, A possible relation between pressure 
drop due to a pipe bend and excess heat transfer due to a
-11-
pipe bend should be investigated*
7* Comparisons should be made between the average bend
27heat transfer coefficients as calculated by Jeschke’s 
equation and as measured,
8, Ideally investigations into both liquids and gases
should be-made but as surveys such as that by Patrick and 
2UThornton are based on gas fired immersion heaters gases 
should be initially used,
9* A design equation suitable for a gas fired
immersion heater containing a pipe bend should be obtained*
-12-
CHAPTER II
THEORETICAL CONSIDERATIONS
Heat transfer equations in straight ducts are often
based on aerodynamic or hydrodynamic considerations. Fluid
flow theory for such ducts is established and consequently
friction coefficients and pressure gradients may be
accurately determined. The analogies between fluid friction
and heat transfer enable convection heat transfer coefficients
for straight ducts to be determined with good accuracy*
Fluid flow in curved tubes involves knowledge of
secondary flow due to centrifugal effects and is so
complicated that details of the mean flow are not yet known-.
Consequently there is no basis for theoretically determining
convection heat transfer coefficients in curved tubes* Recent 
21 22work by Ito $ on pressure losses in smooth pipe bends 
has enabled total bend loss coefficients and friction 
factors to be calculated accurately. Based on these results 
a correlation is attempted in this Research work between 
friction factors and convection heat transfer coefficients in 
curved tubes.
II.1 Heat Transfer by Convection in Straight Tubes
The heat transfer by convection may be calculated 
from the following equation;-
Q = Uo A. A t m ---------- — 1 .
-13-
II * 1p1 The Heat Transfer Coefficient
In the previous equation, U, is an overall heat
transfer coefficient. It indicates the case with which heat
can he transferred through the combined water and gas films 
adjacent to the pipe wall. This Research work is concerned 
only with the gas film (coefficient In) and the heat transfer 
equation therefore becomes:-
Q = bm tm - - - - 2.
This equation represents heat transfer in a system 
of internal area and mean driving force Atm. Local heat 
transfer coefficients may be calculated from local heat 
transfer rates by the following equation:-
a = 1*1 aj_ (tg - tw). - - - 3.
Thus providing the heat flux, q/ . and gas and pipeai
wall temperatures are known, local coefficients of heat 
transfer may be determined.
There are many formulae for calculating the heat 
transfer coefficient from the properties of the system. 
Graphical correlations are also available. Different 
correlations exist for the streamline, transitional and 
turbulent regions.
II«1*2. Streamline flow
•z-z
Coulson and Richardson^ show a plot;log 
(Nu). (Pr)’0’^  v log (Re). The streamline region of this may 
be extrapolated and the following equation results:- 
Nu = 0.89 (Re)0,17 (Pr)0,i+ - - -
-14-
The Prandtl number may bo assumed constant for 
gases and therefore:-
Nu = 0.78 (Re)0,17 - - - - 5°
Groher and Erk summarise the results of Seider
9and Tate for streamline flow with the following equation 
Nu = 1.86 (Re.Pr.-/3 (^f/n - - - 6.iJ ' Hyj
This equation, however, is applicable to viscous 
liquids and for gases Coulson and Richardson suggest:- 
Nu = 1.62 (Re.Pr. ~ )^ 3 - - - 7.J_l
For a constant Prandtl number:- 
Nu = 1.46 (Re • £ ) 3- — - 8.
■5
At Reynolds numbers in the region of 10 the effect
of free convection on the heat transfer should be considered.
Free convection is caused by buoancy forces and allowance
for these is contained in the Grashof number:-
3 2Gr = M.to d pfhnte iwgtafc-a-. l y 8*e.< i u w .w r r  m iuwA'j i
P
9Seider and Tate multiply the Nusselt number by 
0.8 (1 + 0.015 Gr'B ) for Gr > 25*000 to allow for free 
convection, however, this correction is independant of the
34mean velocity or Reynolds number. Kern and Othmer
suggested replacing the correction factor by
2.25 (1 + 0.01 (Srf3 ) 
log Re.
This applies to large horizontal pipes with high 
temperature differences (wall to fluid) and only liquids were
- 15-
considered.
There is little information on free convection in 
gases flowing in horizontal pipes and consequently the previous 
correction will he applied to the Nusselt number.
Thus:-
Nu = 1.U6 (Re . $)% f 2.25(1+0.01 )”] _ - - 9.
L log He —
This equation can be used to predict heat transfer
coefficients for a gas flowing under streamline conditions.
II.1.3* Turbulent flow
The Dittus Boelter equation can be used to predict
heat transfer coefficients for a gas flowing under turbulent
conditions.
Nu = 0.0225 (Re)0,8 (Pr)°'1+ - - - 10.
For a constant Prandtl number: -
Nu = 0.02 (Re)0' - - - 11.
Low gas temperatures are used in this Research and
therefore no viscosity correction need be made.
The heat transfer coefficient may also be predicted
by using the analogy between fluid friction and heat transfer.
30This was first postulated by Reynolds in 1874 end the 
equation for the Nusselt number iss~
Nu = f . Re - - - - -  12.s
2
This assumes that the Prandtl number is unity. If
31 32the Prandtl number does not = 1 then the Taylor-Prandtl 9 
or Von Karman^ * analogies may be used:-
- 1 6 -
Nu = jRe)— (.,?£ >___________  - - - - 13.
2/f + (2/f ^ ( P r  -1)
°r Nu = 2 + 5 (2 f  (Pr-1+ln[l+5 (Pr-1)~] )
Re*Pr f (f ) ( L b  J )s v s
------ 114- *
These equations assume that the fluid properties
do not vary across the diameter of the tube* However, the
6temperatures under consideration are low and Deissler has 
shown that variation of fluid properties across the diameter 
does not affect the Nusselt number considerably*
11.1 .L-o Trans i t i on Flow
Little information is available for predicting heat 
transfer coefficients under transition conditions* The basis 
of the previous Seider and Tate correlation is a graph of 
vs Re on a log scale where;
 ^ 8This graph which is described by Kern is probably
the best way of predicting the Nusselt number in the
transition region*
For the correlation of the results in the transition
region the theories for both the streamline and turbulent
regions will be considered*
II.1.5* Mean Driving force Atm
When heat is transferred across a fluid film the
driving force is the temperature difference across the film*
-0.1 U.
w )
- 1 7 -
For local conditions the driving force is;-
At = t - tw»g
For a complete system the driving force will decrease along 
the length of the tube and a mean value is used for obtaining 
average heat transfer coefficients defined by; - 
A  tm = ,^ t1 - At,
When the streamline flow equations are used the mean 
driving force is the arithmetic mean of the terminal driving 
forces;-*
A  tave = 'A_+
2
9
where At^ = t  ^ - tw^
A t 2 = V  " tw2‘
11«2« Pressure Drop in Straight Tubes
The pressure drop in straight pipes is caused by fluid
friction and its magnitude may be determined by considering
the frictional shear stresses in a small length of pipe.
The friction factor f is involved and because the variation ofs
f with Re is different for streamline and turbulent conditions s
they must be considered separately.
II.2.1. Streamline Conditions
The pressure drop may be found from the following
equation;-
A p = k t „ L . - - - 15,
° d 2g
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where f = 16
s Re
Thus
A  P =
*2d pg.
The pressure drop per unit length is
.2A PL
2gd
11*2.2* Turbulent Conditions
The pressure drop may be found from.
A V  = k t L . v f  - - -  - 1 5 ,
d 2g
3 5In this case f must be determined from a Stanton friction s
chart
The relationship between f and Re for the
turbulent region is expressed in the form of the Blaslus ^  
equations-
f = 0.0792 (Rs)-25
S
This equation applies up to Reynolds numbers of 10 .
As before the pressure drop per unit length is:-
a P L = h fs y2
2gdo
II .3 • Flow in curved ducts
The previous analytical equations cease to apply 
when the duct is curved. Secondary flow is superimposed on 
the main flow pattern and this results in a distortion of
Secondary Motion at a pipe bend.
the region of maximum velocity.
Consider figure-(5*), A pressure gradient must 
exist across the pipe in opposition to the centrifugal 
forces. Fluid near the pipe walls will be moving at a lower 
velocity than fluid in the central regions. Thus the 
centrifugal effects will be greater in the centre of the 
pipe and the pressure gradient at the centre will be larger 
than that at the wall. Thus there will be an outward 
movement of fluid at the pipe centre and an inward movement 
at the top and bottom.
Analytical solutions of such flows are not available,
i| jTJ J *7 j | j
Some work is 9 reported on secondary flow in relation to
turbo-machines, jet engines, cascades etc,, but this has not 
been applied to a constant diameter, three dimensional pipe 
bend,
II ,i|. Pressure Drop in Curved Ducts
Secondary motion in a pipe bend results in an 
energy loss which may be measured as a pressure drop.
Several investigations into bend losses have been
, .17,18,19*20,21 ,22,37  ^ .p vreported 9 9 9 9 9 and data is available for both
the streamline„region and the turbulent region,
II.U.1- Streamline region
15White obtained the following equation for the 
friction factor in a curved.pipe:-
0.1+5 ) 2.22 "I -1
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d •L'where 11.6 < Re ( /DTz < 2000
and fs = 16/He
Log(fc/ ) v Log (Re)(^6D)A may Le
( /fs)
plotted and used to find values of the curvature friction
coefficient, (figure (6) ).
The pressure drop in a curved pipe length Lc is
given by:-
A P c  = li fc Lc v£ - - - - 16.
d 2 g.
The length of straight pipe equivalent to the 
bend is given by:-
A L P = A P C
A  PL
A L-n = fc v Lc 
p fs
Lc = D
/ Di 0 _
= (a). 2 * d
ALp = fc (D) 0 o d,
fs (d) 2
C1 / ">■
Thus for various values of Re ( /D) the 
corresponding equivalent lengths of straight pipe due to 
bend loss may be determined.
11 • o 2 • Turbulent Region
As before the friction factor* fc* for the curved 
pipe is defined by the pressure drop equation:-
A Pc =1| fc Lc vf - - - - 16.
d 2g
- 2 1 -
p-i
Ito obtained an equation for fc in terms of 
Reynolds number and this may be combined with the above 
equation to give the total pressure drop in the bend thus;-
A Po = 0.158 . e . (^d)0,9
2g_______
(Re)0.2.
The length of straight pipe equivalent to the bend 
is given by;-
^ LP = ^ Fo and a  Pt = V2
A  PL L 2g d
"D ^ • 9
. . A  Lp r= 0.158 9 (3 ) d
k fs (Re)0,2
The previous equation for pressure drop at the bend
gives the total pressure drop„ Thus is the pressure drop as
recorded at a considerable length downstream from the bend
so as to incorporate the total bend effects»
The above equation f o r h o l d s  for values of
Re (D/.) less than 91
For Re(p) greater than 91 Ito deduced the following 
(d)
equations -
A Pc = D/,s0.8i+
- 2 2 -
II.5« Heat Transfer in curved ducts
When a fluid flows through a system containing a 
pipe bend there is a larger total pressure drop than if the 
pipe was straight* It is reasonable therefore to assume that 
there will also be an increase in heat transfer* The 
secondary motion will tend to break up the fluid film and 
the corresponding’eddies will tend to increase the turbulence* 
Considering figure (5) it would appear that a higher heat 
transfer coefficient would exist at the outside of the bend 
than at the inside* Possible reversal of flow or stagnation* 
could exist at the inside of the bend thereby giving very 
low heat transfer coefficients*
Consider a fluid flowing through a straight pipe 
length* L, from which heat* Q, is being transferred. If 
^tm is the mean driving force then 
Q = hrj, . wd L. htm.
is the heat transfer coefficient 
predicted from the theory e.g. Dittus Boelter equation.
If it is required to dissipate the same heat 
load, Q, from a system containing a bend* then providing 
the flow rate is constant Atm will be the same as for the 
straight pipe* However, if excess heat transfer occurs due 
to the bend then the heat transfer coefficient will be 
larger than h^. Consequently the required length of pipe 
will be less.
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If the higher heat transfer coefficient is h^ 
and the corresponding pipe length is then; - 
Q = h^ . ird • La . A tm
hA La = hp Lt
The length of straight pipe equivalent to the 
"bend due to the extra heat transfer isALjj where
A Lg = Lip ( 1 — hp \
( ^A )
The excess pressure drop and the excess heat 
transfer are both due to the secondary motion at the pipe 
bend* Therefore it is reasonable to assume that the 
equivalent length due to extra pressure drop is the same 
as the equivalent length due to extra heat transfer«
i.e# h. Lp =ALjj
Streamline flow
IfAL„ = aLw then p n
Lt ( 1 - hT ) = fc x (2) X 6 * a
hA fs (d) 2
hA - hp
1 -1&T22)' • '£ SL.
fs (d) 2 LT
- - - - 17
Thus if a heat load Q is to be dissipated from a 
fluid flowing through a system containing a pipe bend^angle 
0 the actual heat transfer coefficient may be determined
700
- f-T T rfr
ilffe
agE Shd
I o
/
-2U-
from the previous equation, Lrp and hrp are calculated by
assuming the fluid to 'flow through a straight pipe
heat Q to he removed,
fc / is determined from fig (6).
x f s
II•5•2• Turbulent flow
If £Lp =dLn then-:-
1 " hT { = o, 158.0.(dA )0,9 a
fs (Re)
for Re (D/J "2 less than 91
hA _ hT
1 - 0.158 (DA)°*9a ------- 18______ a
k fs(Re)0,,2LT
O
For Re (D/^ ) greater than 91: -
1 - 0.138(D/d)0,8^ a    19.
It. fs (Re)°*17LT
Thus the average heat transfer coefficient for a
system containing a bend <.0^can be calculated.and h^,
are calculated-by assuming heat load Q to be transferred in a
straight pipe.
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II.6. Air Flow Measurement
II • 6.1. Local Air Velocity determination
Besides requiring knowledge of the total flow rate 
for Reynolds number determination it is necessary to be able 
to determine the velocity profile in the pipe. Without it an 
accurate determination of the bulk mean fluid temperature is 
impossible. The obvious technique, therefore, is to use a 
a form of pitot tube. For a small diameter pipe a special 
micro pitot tube can be made with a coefficient of 0.999*
The pitot tube indicates the difference between the total 
pressure and static pressure at a point in a fluid system.
The total pressure consists of the velocity head + the 
static head and therefore the pitot tube indicates directly 
the velocity head;
Incompressible flow may be assumed for the Mach 
numbers under consideration. Deissler^ concluded that for 
Mach numbers up to unity incompressible flow equations gave 
an accuracy comparable to that of flow measurements.
Bernoulli*s Theorem for incompressible flow 
expressed in the form of an equation iss-
P^  + v^2 + Zj = p2 + v22 t Z2.
2g~ 2g~
(upstream of pitot tube)(at pitot tube head).
At .the pitot tube head the velocity is reduced to 
zero manifesting itself as a pressure. and Z2 are datum 
terms and for a horizontal system are equal«,
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Therefore;-
P1 + V12 = P2
2g
and = f2g(P2 P-j) 1 ^
(p^  - Pg) is indicated directly on the manometer as a head 
in inches water gauge (hw), however, in the above equation 
and p^ are expressed in feet of air.
Therefore:-
v. = (2g hw pff)^
( 12pa 5
g and pw are constant, however, pa varies with temperature 
and should be computed from the equation;-
Pa2 = PS1 • T%
r  
’2Tg,
Tg is found from the temperature profile and hence po is
cl
determined.
The equation for the air velocity at a point in
the pipe is, therefore
v = 18.28 (hwj '/i- - - - - 20.
^a
11.6.2. Mean Air Velocity
Consider figure (i) which. is a typical velocity 
profile. Consider an elemental area of the air stream at a 
radius, r, width dr. The weight flow of air through the 
annulus is s-
A W  = 27T r.v. p0 dr3

The total weight flow is W where;
i'~ i
W = 2 7r * I ?«p .r.dr for a 1 radius pipe,) 9.o"
If vm and pam are the mean velocity and density
{
corresponding to the bulk mean temperature respectively then; •?
This integral is solved graphically and hence vm is 
determined(figure (2) )
II,6c3o Air flow flow measurement at low velocities
At low velocities the pitot tube does not retain its 
accuracy and a rotameter is used with a suitable calibration. 
The weight flow is thus;- 
W = V' pam
Providing the air is metered before the heating section pam 
is the density at ambient conditions.
This technique does not provide a velocity profile* 
however* it can be calculated theoretically using the method 
of Deissler,
In this Research work the calculation of a velocity 
profile was not necessary because the exit air was sufficiently 
cool to enable an accurate estimate of its temperature to be 
made.
W vm, pam,Ac
vm 27T 
A pam
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II,7* Gas Temperature Measurement
II•7o1• Local Gas Temperature Measurement
When gas temperature measurement is attempted with
a bare thermocouple errors can occur in two ways. Providing
the temperature is sufficiently high radiation occurs between
the thermocouple head and the cool pipe wall* This error can
be reduced by using a high velocity suction pyrometer and
sufficient shields. The final error can then be estimated by
38the method of Lond and Barber , It can be shown with this 
method that for temperatures less than 500°F the error is 
negligible. The temperatures measured in the research are in 
the region of 300°F and therefore radiation errors can be 
ignored.
Another error can occur due to conduction along the 
thermocouple wires. This would indicate a distorted temperature 
profile. To obtain an accurate measurement the error must 
either be estimated or eliminated. In this research the error 
has been eliminated using a suitable probe,
II,7*2, Bulk Mean Fluid Temperature ,
The bulk mean fluid temperature or cup temperature is 
defined^ as the temperature which any quantity of fluid, 
passing the cross section of the pipe in a time interval would 
assume if it were collected and perfectly mixed in a cup.
Figure (3) indicates a typical temperature profile. 
Consider an annulus of the flow. The enthalpy transported 
within the annulus is;-
\-29-
r
& H = 27r.r.papv C t <3-P«
The total enthalpy being transported is:- 
r-»
H = 2w J pa.v.t r.dr.
But H = WC t g if tg is the bulk mean fluid temperature, 
tg = 2jr * / pa.v. t.r.dr.
w 0;
The integral is solved graphically (figure l+o ). 
Knowledge of tg yields pam and hence vm may be obtained,
II.8, Determination of Heat Transfer 
11,8,1, Heat loss between two probe stations
If a pitot tube and pyrometer are inserted into the 
gas stream at two stations along the length of the pipe and
s . i
the first station is upstream of the bend and the other 
station is near the end of the system. The heat loss between 
the two stations is thus;-
A Q = TO (tg1 - tg2)
11*8.2, Heat Flux Measurement
If a thin metal disc is attached to the pipe wall 
through which heat is being transferred then a temperature 
gradient will exist across the disc. If the disc is composite 
such that at each surface there exists a junction of 
dissimilar metals and a connecting wire is soldered to 
each junction then an e.m.f, will exist between the wire 
terminals due to the temperature gradient. This e.m.f, can 
be calibrated in terms of heat flux (Btu/hr ft ),
-30-
Thus if such a disc is attached to the pipe wall the 
instantaneous heat fiux is obtained. By moving a disc over the 
surface of the complete pipe a survey of heat flux results.
The disc may be moved around the circumference of the pipe at 
a particular station and hence a measure of the average heat 
flux at that station is obtained,
A graph may then be plotted of heat flux v pipe 
length. The area under such a curve will then be proportional 
to the total heat loss from the system. For calibration 
purposes the graphical integration (e.m.f, v pipe length) 
may be performed between the two probe stations and the result 
compared with Q as found from the probes.
The graphical integration may then be performed 
between any two stations along the length of the pipe to 
yield the corresponding heat loss,
11,8,3. Bulk mean Fluid Temperature at any Station
If the gas temperature at one station is known,e.g. 
at a probe station, the temperature at any other station may 
be determined. The temperature at the fl station is
calculated from the eq.uation; -
tgn = tg, - 4Q(. 1 -n)
$ Q(^_n) is found from a graphical integration of the heat 
flux disc results between stations 1 and n .
-31-
Then the gas temperature may be determined at any 
position along the pipe without inserting a probe and 
interrupting the air flow. Knowledge of the local heat flux 
and gas temperature together with a measured pipe wall 
temperature yields the local heat transfer coefficient.
-32-,
CHAPTER III
EXPERT MENTAL PRO GRAMME
Experiments were conducted to investigate the effect 
of right angled pipe "bends on the heat transfer from a hot air 
stream. The heat transfer coefficient for a gas depends 
largely on the Reynolds number and for each pipe bend 
approximately twenty experiments wore performed. Each 
experiment was at a different Reynolds number and Reynolds 
numbers from 1000 to 50*000 were investigated.
Preliminary studies mainly for calibration purposes 
were performed during and after the construction of the ■
apparatus,
Low gas temperatures virere used so as to minimise the 
errors in temperature measurement. Throughout the investigation 
constant wall temperature conditions were observed and variable 
heat flux through the pipe wall occurred.
Six different pipe bends were investigated with 
diameter ratios ranging from 6?1 to 30?1. Limitation of 
laboratory space prevented larger bends being studied.
The following measurements were made?-
1. Air flow rate
2, Bulk mean air temperature at two stations one upstream
and the other downstream from the bend,
3® Pipe wall temperature at various values of the
dimensionless parameter /^L and also around the periphery
-33-
of the tube.
U* Local Heat fluxes at various values of the
dimensionless parameter V l and also around the 
periphery*
5* Water temperatures at the inlet and outlet to the
trough*
6* Heater ammeter and voltmeter readings
7* Ambient air conditions*
Local heat transfer coefficients and average heat 
transfer coefficients were calculated and compared with 
predicted heat transfer coefficients for each bond*
The order of investigation of the pipe bonds 
was not important9 however, for ease of constructing they 
were studied in order of increasing radius of curvature*
-D
J.
Figure 9 . Pipe Bends investigated.
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CHAPTER IV 
Experimental 1 apparatus 
IV. 1. Primary Equipment .
Figure (8) indicates the appearance of the primary
equipment and general layout of the apparatus. Figure (7)
is a diagramatic view of the apparatus. Besides the pipes
and necessary supporting equipment the air system and water
system are also considered as primary equipment.
IVo1.1. Straight Pipes and Pipe Bends
The pipes investigated were 2?! inner diameter and
1/16H wall thickness. The material of construction was "brass
which although expensive is easily cleaned and maintained in
smooth condition. Perfectly smooth pipe "bends as distinct
from commercial "bends are difficult to obtain. Several
Manufacturers were approached and only one could meet the 
U3specifications • Each bend was flanged at either end with a 
6n brass flange x I/S” thick. The flanges were carefully 
prepared so that the bends could be kept in a horizontal 
plane.
The Bend dimensions v/ere as shovrn in Table (1).
The Pipe bends are illustrated in figure (9)*
The upstream section of the apparatus consisted of 
15ft. of 2,t inner diameter straight brass pipe. This was 
made in three•sections the joins being, by 6n brass flanges. 
The upstream length served as a suitable entrance length 
to the test section. Inserted in the first few feet of pipe
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were straightening vanes which assisted in calming the air 
flow, the existence of uniform flow "being checked with a 
pitot tube*
The downstream section consisted of 10 feet of 2n 
inner diameter brass pipe made in two sections. Joins were by 
6,f flanges and this section was included in the test length. 
The pipes were firmly supported by an angle iron 
framework suitably slotted for easy assembly,
IV. 1,2. The Air System
Air was supplied from a hurricane blower for the 
high Reynolds numbers and from a Reavell single acting air 
compressor via a suitable reducing valve for the low 
Reynolds numbers. In the latter case a rotameter was 
situated immediately after the reducing value for metering 
purposes.
The air was heated by means of a suitably coiled 
electrical heater which was connected to the main supply 
via a large variac control. Thus some means of controlling 
the heat load was installed. Secondary heating which was 
necessary at low air rates was supplied by means of electrical 
tapes. These were wound round the first section of the 
entry length and were also connected to a variac. Fine 
control over the heating was exercised,
Heat: losses before the test section were kept to 
a minimum by means of a suitable'lagging. Three layers of 
asbestos rope were found to be adequate.
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Control of the air flow from the blower was achieved 
by using a rheostat connected in parallel with the blower 
supply and also a constant voltage transformer. The motor 
speed could thus be varied and good control over the air flow 
obtained, A by-pass valve was also installed in the air line 
to act as a crude adjustment. Air flow from the single acting 
compressor was controlled by means of a fine adjustment valve 
between the rotameter and the air entrance.
The air stream passed from the source to the 
entrance pipe via a conical section gradually expanding the 
flow. The exhaust air was at a low temperature and 
consequently 110 means were necessary for discharging it from 
the laboratory.
IV. 1.3* The Water System
The complete test section was immersed in a trough 
through which cold water was flowing continuously. This acted 
as a heat sink and maintained the pipe wall at a reasonably 
constant temperature. The trough was made up of three 
sections. The upstream and downstream sections were 
permanent whereas the bend section-which had a similar 
curvature to the bend was replacable and was renewed for 
each bend. The trough was square in cross section and for 
ease of construction the end was flexible. Six different 
troughs were made in the laboratory from galvanised iron 
sheet and brass angle.
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Water was obtained from the main supply and was 
maintained at a constant level by means of a constant head 
tank situated above the upstream section. Flow from the 
upstream section to the downstream section was assisted by 
means of a small rotary water pump. Thermometers were placed 
in the inlet and outlet water streams to provide an indication 
of the temperature rise which was never more than 2°F,
IV, 2. Instrumentation 
IV,2.1, Air Metering
The heated air was to be passed through the apparatus 
at different Reynolds numbers ranging from laminar flow 
through the transition region to turbulent flow. Thus it 
was necessary to meter the air flow. Initially it was thought 
that an orifice plate would suffice and a 1 n brass plate was 
made in the laboratory. This could have been calibrated in 
the laboratory using a wet gas meter. However, various factors 
made the use of an orifice unsuitable. Due to the lack of 
space insufficient straight pipe could be installed upstream 
and downstream of the plate to ensure uniform flow. Although 
such a means of metering provides a measure of the volumetric 
flow a velocity profile was required for the calculation of 
the bulk mean temperature.
Consequently a pitot tube was chosen as a means of 
metering. Obtaining a velocity profile in a 2{l diameter pipe 
is difficult because of the effect of the pipe walls on a 
standard measuring element. However, a specially constructed
F i g u r e  Jo
Fitot Tube
and Clamp.ing Device>
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micro pitot tube was made, figure (10). It consisted of 
total and static head tubes forming concentric cylinders.
The overall diameter of the probe was 2.3 millimetres and it 
was 12U long. The head was manufactured according to N.P.L. 
design with an ellipsoidal nose. The material of construction 
was stainless steel and all joints were brazed.
Figure (10) also shows the method of locating the 
pitot tube head in the air stream. This was accomplished 
by using a circular brass clamp v/hich fitted around the pipe 
wall. Attached to this was a stem made from hexagonal brass 
rod. The stem was fL? shaped with a hole at the top through 
which the pitot tube passed, the latter being held in position 
by means of a set screw.
The pitot tube head was inserted into the pipe via 
a small hole at the top and the exact location found by 
placing a machined spacer between limbs A and B. as shown in 
figure (10). With sufficient machined spacers a comprehensive 
vertical traverse could be performed. The hole in the 
pipe wall was small so as to cause the minimum interference 
with the fluid flow. A very thin open brass box was attached 
to the pipe wall around the hole opening being above the 
surface of the water preventing water'from entering the 
pipe. The use of the pitot tube enabled the type of flow to 
be ascertained at the inspection station. Provision was made 
for two inspection stations, one upstream of the bend and the 
other near the end of the installation.
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If a pitot tube is to be used then it is necessary
to connect it to a good recording device for measuring the
pressures., The meter selected was an inclined manometer
graduated in inches water gauge having four different ranges
depending on the angle of inclination (0- jf*w,g ; 0-1” w,g,;
0-2” w,g,| 0-10” w*g*)* The manometer fluid was kerosene,
tinted with a red dye, having a specific gravity of 0,787 at
60°F, This fluid was contained in a resevoir at the rear of
the instrument and by adjusting a small piston the level of
fluid in the gauge could be altered.
The pitot tube was connected to the manometer using
rubber tubing and by attaching one end to the total head tube
and the other end to the static tube the reading indicated
directly the velocity head in inches water gauge. The
manometer could be levelled by means of two levelling screws
and a small spirit level was incorporated in the instrument.
The pitot tube and manometer were calibrated with
an industrial wet gas meter and the probe was found to have a
coefficient of almost unity. The manometer could indicate
readings accurately to 0.001”w,g,, however, for Reynolds
numbers less than 3000 this was insufficient* Consequently,
for lower Reynolds numbers a calibrated rotameter was used
to indicate the volumetric flow and it was found to be
impossible to determine experimentally a velocity profile.
However, a profile could be calculated theoretically using the
7method of Deissler • It was found that knowledge of a velocity
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profile at low flow rates was unnecessary,
IVo 2,2, Air Temperature Measurement
It is necessary when studying heat transfer from 
fluids in motion to have knowledge of a reference temperature 
i.e. one at which the fluid properties are evaluated, A pipe 
wall temperature, an average temperature, a hulk mean fluid 
temperature or the temperature at a fixed distance from the 
pipe wall may "be used, A temperature profile is therefore 
necessary in such a study.
When high temperatures are being measured a bare 
thermocouple is unsuitable and a high velocity suction 
pyrometer must be used. However, the temperatures in this 
work were less than 500°F and it was thought unnecessary to 
use a suction pyrometer, A bare thermocouple was made and 
the .wires were insulated with a fibreglass cotton insulation. 
The thermocouple materials were copper and constants i with 
a ware diameter of 0.04H« On using the bare thermocouple 
it was found that conduction along the wires from the head 
was considerable especially at low air flow rates. This 
resulted in a distorted temperature profile. It was decided 
not to estimate this error but attempt the construction of a 
pyrometer to. avoid it.
A-suction pyrometer was made in the shape of a 
pitot tube. The thermocouple was insulated and fixed inside 
a stainless steel sheath. The end of the sheath was then 
bent through 90° so that approximately 1/2” of its length
Figure XX • Pyrometer
and Clamping Device.
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was perpendicular to the main stem,. .The thermocouple was 
fixed to the top of the sheath using a suitable cement and-> a 
short limb was brazed to the sheath as shown in figure (11)•
The pyrometer was inserted into the air stream in a similar 
fashion to the pitot tube and was clamped in an identical clamp*
The thermocouple head was protuding parallel to the 
air stream and for such a small distance there was only a small 
temperature gradient* The external limb of the sheath was 
connected to a rotary vacuum pump and air was drawn past the 
thermocouple at high velocity* Thus the heat transfer by 
convection from the gas to the thermocouple was increased and 
the temperature gradient along the wire decreased* It vvas 
found that this thermocouple gave quite satisfactory results.
Temperature traverses 'were made at the same stations 
as the velocity traverses. The leads from the thermocouple 
were connected to a switchboard which could in turn connect 
the couple to a Kent Potentiometric recorder or a Cambridge 
Potentiometer Box* The recorder was of the multirange type 
and 36 ranges could be selected. Ice was used for a reference 
temperature.
The thermocouple was calibrated before insertion into
the pyrometer sheath* Calibration curves were then plotted
so that millivoltages could be easily converted to temperatures.
39The calibrations corresponded very closely to Adam’s Tables 
for copper constanton thermocouples.
~ k 2 ~
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IV.2•3. Pipe Wall Temperature Measurement
The pipe wall was kept at a reasonably constant 
temperature by means of the water surrounding it* In order 
to compute local heat transfer coefficionts it is necessary 
to know the pipe wall temperature* Consequently, copper 
constants thermocouples insulated with fibreglass-cotton 
sleeving were attached to the pipe wall at various positions 
along its length and around its periphery* The thermocouples 
were connected to the switchboard and hence to the 
potentiometric recorder.
I'V* 2 *l\.* Heat Flux Measurement
Heat was being transferred from a hot air stream 
to cold pipe walls the latter being maintained at almost 
constant temperature* This resulted in a variable heat flux 
along the length of the pipe, knowledge of which was required* 
An average value of the heat flux over the whole system 
could be computed from temperature and velocity measurements 
upstream and downstream of the bend. However, to investigate 
the precise effect of the bend local heat transfer 
coefficients were required and consequently local heat fluxes* 
The initial idea for measuring the heat flux at a 
particular point was to attach thermocouples to the inside 
and outside surfaces of the pipe wall*- In the presence of heat 
transfer a temperature difference would be recorded between 
the thermocouples* This temperature gradient would be small 
and small errors in the measurement of each temperature
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could lead to large inaccuracies in the heat flux determination* 
This method also requires perfect uniformity of wall thickness 
which although possible in straight pipes is very difficult 
to achieve in a pipe bend* Consequently this technique was not 
used*
The previous technique has been developed in a type 
of heat flux meter described by Hatfield^ which theoretically 
is ideal for measuring heat flux over a small area. The meter 
described had the form of a small disc of Tellurium - Silver 
alloy with copper gauze coatings on either side* Fine wires 
were attached to. the junctions of the copper and 
Silver-Tellurium on each side and these were connected to a 
terminal block and thence to a recording instrument. By 
placing the disc with its plane perpendicular to the direction 
of heat transfer a small temperature gradient would exist across 
the disc. The disc acted as a "double thermocouple" and a 
small e.m.f. was generated between the two sides. This e.m.f. 
was recorded by means of the potentiometer recorder and by 
means of a suitable calibration transferred to heat flux at the 
point of contact*
A standard heat flux disc or meter os 12 millimetres
in diameter, however, when studying heat transfer through a 2"
pipe good contact would be difficult with such a disc*
u -1
Consequently small discs known as Eatfield-Turner heat flux 
meters were obtained the dimensions being 5 millimetres 
diameter by 1 millimetre thick* On manufacture they were
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calibrated by placing them in a standard heat flux through 
several layers of plush* Their calibration, however, could 
not be guaranteed and it was decided to calibrate them under 
the experimental conditions*
The heat flux discs were very fragile and the 
connecting wires had to be attached with soft solder and 
great care had to be exercised in handling them* Insulation 
was achieved by means of a uniform thin coating of varnish*
To provide an accurate measure of heat flux the 
discs had to be carefully attached to the pipe wall* Attempts 
were made to cement the discs to the pipe wall, the latter 
being carefully smoothed and cleaned. However, due to the 
disc fragility this technique proved undesirable* A uniform 
method of attachment had to be used otherwise the disc 
would tend to be insulated, false readings resulting. Small 
metal clamps were tried but these placed high stress on the 
disc resulting in its disintegration*
Two attachment methods were finally adopted* The 
first was for. discs which had to be kept in place 
permaneatly i.e* vie LI upstream and well downstream of the 
bend* This involved using a very thin strip of adhesive 
tape encircling the pipe holding the disc in place at the 
required position. Providing the tape was taut good 
contact, pipe wall to disc, was obtained. The second 
technique was to use a very thin strip of elastic tape, 
non-adhesive, which had a clip at either end to secure it
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around the pipe wall, Ey using this latter technique heat 
flux meters could he secured to any part of the pipe wall 
which was useful in regions near the hend,
' When the heat flux meters were originally obtained 
it was intended to fix them to the pipe wall at definite 
locations along its length. After preliminary experiments, 
however, this was found to be unsatisfactory apart from at the 
extreme upstream and downstream sections. To survey the heat 
flux completely it was necessary to be able to locate the 
meters at any position along the pipe and around its periphery. 
Thus the pipe was marked longitudinally in inches using a 
pencil and for each mark the ratio tyL was calculated, I being 
the distance downstream from the start of the test section. 
Using mobile meters, i.e. ones attached with elastic tape, 
heat, flux could be measured at each value of /^L,
Regarding circumferential heat flux it was generally 
found satisfactory to make measurements at four positions 
around the circumference, top, bottom, outside and inside. 
Occasionally meters ?/ere located at more positions on the 
circumference. The top and bottom positions around the pipe 
were known as number 1 and number 3 positions respectively and 
the inside and outside locations as number 4 and number 2 
positions respectively.
All wires from the heat flux discs and pipe wall 
thermocouples were connected to a com non switchbox which could 
either be connected to the potentiometric recorder or
Figure 12 „ Heat Flux Meter ( Magnified 10 X )
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v potentiometer box.
Figure (12) illustrates a Hatfield Turner heat 
flux disc magnified approximately 10 times,
IVo3o Miscellaneous Apparatus
A small laboratory wet gas meter was connected to the 
gas pyrometer so that the velocity of gas flowing past the 
thermocouple head could be calculated.
An ammeter and voltmeter were connected into the 
heating circuit to provide knowledge of the heat input.
Mercury in glass thermometers were located in the 
water trough to provide water temperature information.
-1+7- 
Table 1
Bend D/d La
(ft)
1 6.1+ 13.1+
2 9.7 13.8
3 11+.0 11+.1+
1+ 18.5 11+. 9
5 21.7 15.1+
6 30.3 16.6
i
Average = 16.»8
Average LA =  1^«7 ft„
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CHAPTBR V
V,1c Preliminary Work
V . 1 • 1- • Location of Pitot Probe Stations
While the pipe Lends were being manufactured the 
upstream section of the apparatus was built„ In this section 
small holes were drilled in the pipe wall along its length 
both.at the top and side of the pipe, Without immersing the 
section in water the pitot tube could Le inserted into the 
air stream and Loth horizontal and vertical velocity profiles 
obtained*
This was performed at various stations along the 
pipe until a uniform velocity distribution occurred* Apart 
from very low Reynolds numbers uniform velocity distributions 
and temperature distributions were noted in horizontal and 
vertical planes* Thus to measure the mean velocity and flow 
rate it was only necessary to perform vertical traverses 
which-simplified the construction of the probe station and 
water trough.
The downstream probe station was located near the 
end of the installation and preliminary experiments were 
performed with the complete apparatus intact* With cold 
air flow these experiments indicated good agreement between 
profiles at the upstream station and downstream station.
With hot air flow calculations of the weight flow rate 
(lbs/hr) were made based on measurements at each station
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and very good agreement occurred*
V.1.2. Calibration of Pitot Tube and Rotameters
The pitot tube manufacturers stated that calibration 
was unnecessary, however, it was performed whilst awaiting 
production of the pipe bends*
An industrial wet gas meter with appropriate 
calibration was borrowed from the Gas Council Research Station 
at Watson House, London* This was connected in the air circuit 
and the flow rate calculated from the pitot tube readings was 
compared with that indicated on the wet gas meter* It was 
found that the pitot tube supplied sufficiently accurate data 
with a coefficient of unity*
A similar experiment was performed with the 
rotameters*
V.1 • 3• Measurement of Iieat Flux with fixed Heat Flux meters 
only ~ -
When the apparatus construction was complete
preliminary experiments were performed to test the heat flux
meters* 68 meters were fixed to the pipe wall with adhesive
tape at definite locations* After a time the heat flux
recordings as indicated on the potentiometric recorder were
steady and measurements were made*
For different Reynolds numbers graphs wore plotted
of heat flux vs /^L the heat flux units being millivolts*
These graphs indicated considerable oscillations of heat flux
downstream from the pipe bend and it was thought that with
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fixed meters certain oscillations may not be recorded. This 
was confirmed when the mobile heat flux meters were introduced. 
Consequently fixed meters were abandoned for the pipe bend 
and downstream sections.
It was noticed during these preliminary experiments 
that certain heat flux meters became unstable giving 
unreproducible recordings. These meters were replaced it 
being assumed that the insulation had broken down. Careful 
observation of the meters was subsequently kept and suspected 
meters were immediately replaced.. Over 100 meters were 
eventually discarded,
V, 1 .4. Calibration of Heat Flux Meters
Velocity and temperature profiles were obtained at 
the probe stations upstream and downstream of the bend and at 
the same Reynolds number the pipe wall was traversed with a 
single heat flux meter, A graph was then plotted of heat 
flux in millivolts vs $/L and the enclosed area computed,
o
This area in millivolt*(ft ) units was equivalent to the 
heat transferred in Btu/hr between the two probe stations.
The latter was obtained from the velocity and temperature 
profiles. Consequently the heat flux in Btu/hr.ft . 
equivalent to one millivolt v/as obtained for the disc being 
investigated.
The calibration was checked at different Reynolds 
numbers and air temperatures9 and consistant results 
obtained. The disc calibrated in this way was used as a
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standard heat flux meter and other discs were compared with 
it for calibration,
V,2, Experimental Procedure
Each experiment took from six to eight hours to 
complete depending on the duration of the ’’warm up,? period. 
Consequently only one experiment per day was possible.
The procedure for each experiment was the same 
except in the method of adjusting and metering the air flow. 
For the lower Reynolds numbers where the single acting 
compressor was used for the air supply control was achieved 
through a valve situated upstream from the rotameter. For the 
higher Reynolds numbers control was exercised through a 
rheostat adjusting the input voltage to the blower.
Metering at the lower Reynolds numbers was by a 
rotameter and no measurements were made at the upstream probe 
station. At the higher Reynolds numbers, however, metering 
was by means of a pitot tube inserted at the upstream probe 
station.
Initially, the inlet water valve was opened and the 
water which provided the heat sink was allowed to reach 
constant flow conditions by suitably adjusting the inlet and 
outlet control valves. The flow was sufficient to keep the 
temperature rise of the order of 2°F and thus maintain the 
pipe wall at'a fairly constant temperature. Water inlet 
temperatures remained very steady the maximum inlet 
temperature variation being about 2°C.
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The air flow was then started by means of the 
blower or compressor and adjusted to the approximate required 
rate. The heaters were switched on and by means of the 
pyrometer inserted in the upstream probe station at the pipe 
centre the axial temperature was measured. This temperature 
was transmitted to the potentiometer recorder so that the 
heating of the gas could be continuously observed.
After some time the gas temperature steadied and 
remained constant. At this time a temperature profile was 
taken at the probe station. The pyrometer was then removed 
and the pitot tube inserted into the air stream, A velocity 
profile was then obtained and plotted. Using the velocity 
and temperature profiles the Reynolds number was calculated 
based on the mean velocity and mean bulk fluid temperature. 
Any adjustment in flow to either raise or lower the Reynolds 
number to a more suitable value was made at this stage and 
if such an adjustment was made the flow was again allowed to 
steady. Further profiles were taken at the upstream probe 
station until steady flow at approximately the required 
Reynolds number was obtained. Temperatures were recorded on 
the potentiometric recorder.
The upstream probe hole was covered and velocity 
and temperature profiles measured at the downstream probe 
station.
After the probe holes were covered the 
potentiometric recorder was switched over to the heat flux
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meter function box and wall temperature junction box.
Continuous recordings were made of heat flux and pipe wall 
temperature along and around the periphery of the pipe. The 
mobile meters were moved from station to station so that a 
large survey of heat flux could be made* Occasionally heat 
fluxes.were measured on the potentiometer box for speed*
Mien the pipe wall, had boon completely covered for 
heat flux and temperatures, velocity and temperature profiles . 
were again taken at the upstream and downstream probe stations* 
This ensured that flow conditions had remained steady* 
Throughout the experimental run the heater input had been 
carefully controlled and the air input had also been carefully 
controlled to maintain steady conditions*
Ambient air conditions were noted at various 
intervals throughout the day.
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CHAPTER VI
Results
Approximately 120 experimental runs were carried out 
and the results from these are tabulated in the appendix*
A representative sample of the results are illustrated 
graphically (figures 18 to 26)* To illustrate the method of 
calculating the results data from experiment number (5»10) 
is included in this chapter* The results of experiment (5o10) 
are tabulated in tables 2,3?U?5 and 6., and these results are 
used in the sample calculation as shown.
Average experimental heat transfer coefficients are 
shown in Tables 11,12, 13? 1^-? 15 and 16,. Predicted average 
heat transfer coefficients are shown in tables 7? 8 and 9 and 
these are compared graphically with the experimental 
coefficients in figure (27)»
IV.1. Sample Calculation
The observations from experiment number (5*10) will be 
used to illustrate the method of calculating the results and 
plotting the graphs,
IV,1,1• Data for Experiment number (5*10)
By Pass valve closed.
Air Blower volts = 220 v a0c.
Heater Watts = 3&00 w,
oWater inlet temperature - 33 F 
Water outlet temperature = 56°P
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Ambient temperature = 73°P 
Barometric Pressure = 29.39" Hg
Manometer factor = 0„2
IVo 1o2o Calculation of mean air velocity and flow rate
The equation used for calculating the air velocity 
at a point from the velocity head and air density iss-
Velocity head and temperature observations for 
experiment (5#10) are shown in tables (2 and 3)« Prom this 
data and the above equation velocities at certain values of
also shown in tables (2 and 3)• Thus a velocity profile may 
be plotted for the upstream and downstream probe stations as 
shown in figure (13).
Data from the velocity and temperature profiles are 
tabulated in tables (U and 5) and the products v*pa»r, 
determined, Vopa»r0 at various values of r is plotted vs r 
as shown in figure (1U) and the area under the graph 
determinedo This was done using a planimeter»
ft/ sec 20
the dimensionless parameter (r//rf) are calculatedo They are
Area under curve for upstream station 
= -19.3"
Area under curve for downstream station
19o25J
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1 square inch is equivalent to 6.95 x 10
/,[vpr dr = 19.25/
Mean weight flow = 2v x 6.95 x 10 ^ x 19.25
W_= 0.08,35 lbs/sec
The mean velocity cannot he determined until the 
bulk, mean temeprature is known.
The air temperatures measured in experiment number 
(5*10) are tabulated in tables (2 and 3)* From this data 
the temperature profiles at the upstream and downstream probe 
stations are plotted as shown in figure (15)«
Data from the profiles is shown in tables (h and 5)
plotted vs r as shown in figure (16. and the area under 
each graph measured with a planimeter.
Area under curve for upstream station 
= 18.0 square inches
Area under curve for downstream station
=11.2 square inches 
1 square inch = 0,139 (lbs)(°F)/sec.
Upstream stations-
IV.1.3• Calculation of Bulk mean fluid Temperatune
and the products (v.p .t .r.) calculated, (v p ,t .r.) is
Bulk mean fluid temperature t is given by;-
g
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■t = 2- x 0.139 x 18
g o . 0835"“
Downstream station
•hi
) Vop otoTo dr» = 22o3' a
Bulk mean fluid temperature t_ is given
d>
t = 2"r x 0.139 x 1U2 = H  7°P
g ' '0.0835
Thus mean air density at upstream station is
= 0.0613 l'bs/ft'3
Mean air density at downstream station is
= O0O687 l'bs/ft3•
Mean air velocity at upstream station is
"  ■ S i ®  1 -Tp6*  ■ 6=.6«/»..
Mean air velocity at downstream station is;-
= 0.0855 y- 1 r 36 X  k rr -
oTo687 x y x =55.,
IV.I.lu Calculation of heat.loss from air stream
Prom experiment number (5*10);- 
W = 0c0835 lbs/sec. 
t at unstream station = 187°P. g
t ! at downstream station = 117°P g
Mean specific heat = 0.25 Btu/lho°P. 
Heat loss between the two stations is: 
A Q = 0.0835 (187-117)z0.25 x 3600
hr.
ft/ sec.
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Average values of heat flux obtained from the
heat flux meter results are tabulated in table (6) and
plotted against the dimensionless parameter /^L in figure (17).
The heat flux units are millivolts.
The heat flux meter used in experiment (5.10)
was number (82) and the calibration for this meter was
1 millivolt. “ 1110 Btu/hr.ft2.
By planimetering the area under figure (17)
between any two values of ( /^L) the heat loss between these
//
values can be determined, e.g. between */L = 0.1 and
H /■/L = 0.3 area = 50h square inches.
1 square inch '0.321|. millivolt ft2 units.
. /, Heat loss = 50hr x 0 . 322+ x 1110
= 1950 Btu/hr.
IV. 1.5 • Calculation of Air Temporature at yny jposition - 
a long the P i pe~~ length^
Providing the air temperature is known at any one
station the temperature at another station may be calculated.
Tne air temperature is known at the upstream and downstream
probe stations i.e. at $/L = 0.195 and /^L = 1.0. The air
t
temperature at.' yL = 0.3 may therefore be determined:-
Deferring to figure (17) area between fyh =0.3 and L =1.0 
= 11.99 square inches
A Qo.?-1 = 1+320 Btu/br.
if = 0.0835 lbs/sec.
Mean specific heat = 0.25 Btu/lb.0p.
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Temperature difference between /^L = 0.3 and p^ L = 1.0
= ii320__ _ 57°p
0.0835x3600x0.25 " D(
' t at /^L = 0.3 = 117 + 57 = 17U°P.
Air temperatures for- experiment (5.10) are 
tabulated in table (6).
IV. 1.6. Calculation of Local Heat Transfer Coefficient
As an example the local heat transfer coefficient 
will be calculated at station ^/L = 0.18 position (2).
Wall temperature = 72+°P
Air temperature = 190°P
Driving force = 116°P
Heat flux = 1.02 millivolts rr 1130 Btp/(hr)(ft2).
/, Local heat transfer coefficient
= 1170 = 9.7 BtV(lir)(ft2) .
~TTE
IV. 1.7. .Calculation of Avoraw Heat transfer coefficient 
for the complete system.
The complete system is regarded as the section
of pipe between /^L = 0.1 and ~/L = 1.0.
Por this section in experiment number (5.10)
2the internal surface area = 7°3ft „
P vHeat loss between yL = 0.1 and '/L = 1.0
-= W C p(tg0.1 - tg1.0) 
0.1tgn , = 209°P
tgn o  = H 7 °e-
Heat loss = 0.0835 x 3600 x 0.25 (209-117)
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't Q = 6950 Btu/hr„
Average wall temperature = 7^ -°F
Log mean driving force = 80°F
/, Average heat transfer coefficient, h
11A = 6950 = 11 o9 Btu/h:
7.3x80
“ nt, .. is A
11.9 Btu/lir 8 ft^, °F
IV• 1.8. Calculation of predicted average transfer coefficient
The average heat transfer coefficient may he
predicted by assuming that the equivalent ength due to 
pressure drop is the same as the equivalent length due to 
excess heat transfer for a pipe bend. In the theoretical 
considerations (Chapter II, Section 5.2..) the following 
formula was obtained for predicting the average heat transfer 
coefficient for such an installation:-
A
1 - 0 . 1 8 8 ( d 
4fs (Rg)0'2 L„
• 1 j w \ n//
U e 1
-  18
o
and
1-i-fs (be)0oi  ^L,
19
'T
[Re (B/d)“2g  >  91
For experiment (5.10) the Reynolds number is
a  8i(. X  10^ ' and (D/d) = 21-7
[Re (D/d)_jf= 103
------- 19a
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Thus the latter equation should he used.
In a practical experiment such as number (5*10) 
the actual pipe length is known and therefore the heat 
transfer coefficient equation is modified thus?- 
hA = hT (1 + 0.138 6 (D/a)0,81' cl 
( i+fs Re^" ^ 7.1 )
D/d = 21.7 (r/p0’8^ = 13.3
d = 1/6 ft.
(Re)0*17 = 6.3
fs = 0.0055- (from Reynolds Stanton diart^)
= 15«^2 fto
hA = hr i 1+ 0.138 * 7r/2 » 13.3 "1/6 )
( k*0.0055 *"6.3 *15.42 )
From the Dittus Boelter equation for turbulent 
flow h^ = 9.9 Btu/(hr)(ft2)(°F)
h^ = 12.1 Btu/(hr)(ft2)(°F)
IV. 2. Discussion of Results
IV. 2.1. Local Heat Transjf e_r _C oeffi'ci_ents
It was found that the air temperature at any position 
in the pipe could be calculated by means of a series of heat 
balances along the pipe. This was made possible by having 
knowledge of local heat fluxes over the complete area of the 
pipe. Thus with a known wall temperature9 the local heat 
transfer coefficient is given bys­
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Using this equation local heat transfer coefficients 
were calculated every few inches along the test section and at 
four positions around the circumference at each station*
For each bend at each Reynolds number investigated 
approximately 160. local heat transfer coefficients were 
calculatedo Figures (*18) to (26) provide a graphical 
representation of the variation of local heat transfer 
coefficient along the test section with Reynolds number and 
diameter ratio D/^o A sample of Reynolds numbers under 
investigation are illustrated in this way* The complete 
survey of local heat transfer coefficients is represented in the 
tables in the appendix*
Study of figures (18) to (26) shows that if a change 
in direction is imparted to a fluid stream then local heat 
transfer coefficients in the vicinity of the change in direction 
are considerably affected. From present knowledge of secondary 
flow in pipe bends it would appear that the.heat transfer 
coefficient at the outside of the pipe bend would be higher 
than that elsewhere in the pipe* The results obtained in 
this study show that this assumption is correctHowever, it 
is apparent that the local heat transfer coefficients in all 
positions around the pipe circumference do not gradually 
increase to a maximum value and then decrease to the original 
straight pipe value. There are many oscillations in the heat 
transfer coefficients.
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In some cases there is a decrease in the magnitude of the 
heat transfer coefficient at the start to the bend. 
Occasionally it appears before the start of the bend. This, 
presumably, is associated with the start of secondary motion 
imposed on primary motion causing local increases in laminar 
film thicknesses prior to the film being agitated. This 
effect is not a large one and is of the same order of 
magnitude for each curvature. However, it appears earlier 
in the case of sharper bends than in the case of long bends. 
The effect also appears to be larger for the low Reynolds 
numbers, however, this may be due to the disturbance of free 
convection currents which give a higher straight pipe heat 
transfer coefficient than normally predicted.
The effect of the pipe bend on the local heat 
transfer coefficient is first noticed at from 10 to 20 pine 
diameters upstream from the bend. This appears to be 
consistant over the range of Reynolds numbers considered, 
however, where free convection occurs the local heat 
transfer coefficient is disturbed without the presence of a 
bend. The upstream effect is more pronounced with the bends 
of smaller diameter ratio. This would be expected because an 
elbow imparts a change in direction more abruptly than a long 
sweep.
Throughout the length of the pipe bend the local 
heat transfer coefficient at all positions around the
—6L|,—
circumference is considerably disturbed. This applies for 
all bends and all 'Reynolds numbers although the magnitude of 
the disturbance varies. The local heat transfer coefficient at ;.]
■ i
; 1
the outside of the bend is for all turbulent Reynolds numbers ’)
ili
affected more than the coefficients at other positions. This i
is to be expected if secondary motion prevails. Along this |
region of the pipe the magnitude of the outside heat transfer 
coefficient reaches double that of the straight pipe |
coefficient. This is so for all the curvatures investigated
; |
and all the Reynolds numbers above the streamline region. At 
lower Reynolds numbers free convection complicates the issues |
however, the magnitude of the local coefficient appears to 
be more than doubled. At these Reynolds numbers poor heat 
transfer occurs due to the high resistance of the laminar !■:
film and if this is broken up at the bend it would be logical 
to expect a greater increase than with the higher Reynolds
numbers. ]
:!
Regarding the heat transfer coefficients at positions |
other than the outside of the bend the effect of curvature is !
less. Coefficients at the top and bottom of the pipe are 
increased by a factor of approximately 1.7 for Reynolds 
numbers within the turbulent region and for all curvatures.
Where free convection effects occur then the upper heat transfer i
coefficient is decreased whilst the lower coefficient is j
increased. I
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Ihe local heat transfer coefficient at the inside of 
the pipe bend is affected least by the curvature. Initially 
it decreases but after coefficients in the other regions of 
the pipe have increased it shows a tendency to rise. In many 
cases the coefficient increases as other coeffficients 
decrease which could be associated with flow of a swirling 
nature•
The tendency of the local heat transfer 
coefficients after the bend is-to decrease below the straight 
pipe value and then rise again. Possibly the bulk of the air 
contracts in the vicinity downstream from a bend leaving 
a thicker laminar fluid film thereby increasing the 
resistance to heat transfer.
In the remainder of the downstream leg fluctuations 
in the heat transfer coefficient occur as might be expected in 
normal transitional flow. Curvature appears to affect these 
fluctuations; the sharper the bend the more pronounced are 
the oscillations. The oscillations do not appear to have 
a definite frequency and without knowledge of the exact 
nature of the flow patterns, would be very difficult to 
predict.
The bend,effect on the heat transfer coefficient 
appears to persist for at least fifty pipe diameters 
downstream from the bend. For bends of low diameter ratio 
(D/a <. 10) the effects persist to the end of the 
installation and shortage of space prevented extra straight
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pipe being connected to the apparatus.
29The results may be compared with those of Ede 
who used water as the internal fluid and pipe bends of smaller 
diameter ratios and smaller diameter<> Graphs of local 
Nusselt number vs pipe length are drawn. Ede made no 
observations on the actual bend but only downstream and 
upstream from it. However, it would appear that the 
magnitude of increase of heat transfer coefficient was very 
similar to that obtained in this Research investigation.
It would appear, therefore, that a change in 
direction of flow of a fluid, has a considerable influence on 
the local heat transfer coefficient, particularly at the 
outside of the bend. Industrially this could have 
considerable influence on the design of plant as there is 
rarely sufficient room for continuous straight pipes and many 
bends are employed. In practice with more than one bend 
present it is unlikely that local heat transfer coefficients 
attain their straight pipe value after the first bend.
IV.2.2. Average Heat Transfer C®efficients
Apart from illustrating the effect of the bend the 
local heat transfer coefficient is of little practical use.
For design and estimation purposes the average heat transfer 
coefficient of an installation is much more valuable.
Often where an installation is of a non-linear configuration 
the average heat transfer coefficient is difficult to 
determine.
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Average heat transfer coefficients for each bend 
are shown in tables-(11') to (16) • They are calculated for
in'figures (27) and (28) versus Reynolds number,, It can be 
seen that the average coefficients for each bend at a 
particular Reynolds number are very similar and the affect of 
curvature on their magnitude does not appear to be high*
It would have been more desirable to investigate a wider range 
of curvaturesj however, space limitation made this impossible* 
In figure (’1-7) superimposed on the results is a 
plot of the equations;-
Equation (17a) is extended to Re = 5000 also using jjj figures 
for hy (transitional).
3 hReynolds numbers ranging from 10 to 5 x 10 and are plotted
hA = hT f 1 + 0.158 e (D/a)0*9 a 18a
( k fs(Re)0" La )
for Re (D/d)-2 <  91
*
hA = hT (1 + 0.158 6 (D/d)0,8U d b
 ^ Ij. fs {Re)^*"'1A'
for Re (D/d)-2 > 91
19a
Equations (18a) and (19a) are used for Re>10 and
~z
equation (17a). for Re < 2 x 10 * To cover the transitional
region equation (18a) (turbulent flow) is extended to
8Re = 5000 using ^  values from Kern for h^ transitional.
- 6 8 -
Also shown on figure (27) is an allowance for free 
convection for Re< 9000* The effects of free convection are 
predicted using the Kern Othrner ‘ correction on the heat 
transfer coefficient as predicted hy the previous equations.
hAc ~ hA 2.25 (1+0.01 (Gv'Flog Re.
 20 ,
Although this correction was obtained in connection with 
liquids its use for gases should improve the predicted heat 
transfer coefficients,
Calculated coefficients assuming free convection is present 
and ignoring free convection effects are plotted.
As there appeared to be little scatter of the results 
between each pipe bend the predicted coefficients of heat 
transfer were calculated based on the mean diameter ratio and
pipe length. Data is shown in tables 7? 8 and 9»
Also in figure (27) is a curve representing the 
theoretical heat transfer coefficients for a straight pipe 
based on the Dittus Boeltor equation for the turbulent region
g
and jtr factors from Kern for the remaining Reynolds numbers, n
Data for this is shown in tables 7? 8 and 9«
It can be seen that all measured average heat
transfer coefficients are higher than the average theoretical 
coefficient for a straight pipe. For Reynolds numbers in 
excess of 10^ i.e. the fully turbulent region the predicted 
average coefficient equation agrees very-closely with the 
research results. The coefficients calculated with this
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equation are slightly lov\rer than the measured values,
however, for design purposes this is better than predicting
high coefficients. Thus in this region of Reynolds numbers
21 22the friction factors as determined by Ito 9 may be used
{ *1 j^L *-5 T"l "1 Q  £3in the form of equations v ; to accurately predict
heat transfer coefficients for a system containing a single
right angled pipe bend.
Results in the streamline region show a wider scatter
than those for higher Reynolds numbers which is to be expected
when free convection effects are superimposed on forced
convection heat transfer. Average coefficients are considerably
higher than the theoretical straight pipe heat transfer
coefficients.
Most of the results are in the range covered by
equation (17a) formed by considering free convection and
ignoring free convection. Higher temperatures would
increase the effects of free convection and therefore increase
the average heat transfer coefficients, however, provided an
accurate estimate could be obtained of the straight pipe
heat transfer coefficient the curved pipe coefficient may
be predicted reasonably accurately with equation (17a) based 
1 5on White’s .friction factors.
The transitional region is usually avoided due to 
difficulties in predicting heat transfer coefficients.
However, as shown in figure (27) 'if factors are used
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(Kern^), modified for free convection effects, in equation 
(17a) up to Reynolds numbers of 5000 and equation (13a) for 
higher Reynolds numbers then good predictions may be made.
The previous equations provide average heat transfer 
coefficients for a system which must depend on the relative 
lengths of straight pipe and curved pipe. The equations may 
be rearranged as shown ?Chapter II.5 t^o include which 
may be calculated from normal design considerations using 
theoretical heat transfer coefficients for straight pipe. 
Substitution of in the previous equations yields actual 
heat transfer coefficients for systems containing pipe bends 
which in turn may be used to calculate the actual pipe length 
required to dissipate a given heat load. Reynolds numbers in 
all regions which can be considered for incompressible flow 
can be considered.
The design equation will therefore be°. - 
Q = h^.wdL^. A^m - - - - -  21 .
The study has been made for a system containing a 
single 90° pipe bend and therefore the previous equations are 
verified only for this case. The existance of a second bend 
may influence the effect of the first bend and the equations 
may have to be modified.
Figure (28) shows heat transfer coefficients
27 U2calculated from the modification suggested by J-eschke 9 for 
theturbulent region. These are superimposed on the Research
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results for that region
iiA = hT [_ 1 + 3.54 (D/a) 'J
Very good agreement is apparent? however, Jeschke worked 
with pipe coils and it is unlikely that this modification 
could he used for systems containing lengths of straight 
pipe o
For the regions considered in this work heat transfer 
coefficients may he accurately predicted using the Jeschke 
modification to the Dittus Boelter equation;-
Nua = 0.0225 (Re)0,8 (Pr)0,i+ [j +3.54(D/d) 1
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Table 2
Experiment
Velocities and iream Probe station
r/r' h.w
("w.g)
e.m.f.
(e .v .)
tg
(°F)
Pa
(lb/ft3)
V
(ft/sec)
0.906 0.522 3.20 170 0.0630 52o5
0.875 0.628 3.36 176 0.062k 53 o0
0.750 0.730 3.58 185 0.0615 63 oO
0.500 0.938 3.89 197 0.060i| 72.0
0.250 1 .080 4.05 20i+ 0.0597 78,0
0.000 1 .098 U.11 206 
L . _ _
0.0596
i... .....
78o5
Experiment
Velocities and Temperatures at Downstream Probe Station
r7
'r'
hw
( !iW  ,g)
0 0 m 0 £* 0
(m.v.)
t
g
(°F) (lb/ ft )
V
(ft/sec)
0,906 0.ii54 109 0.0697 ^7*0
0,875 0.576 1.76 111 0.0695 52.5
0.750 0.69/4- 1.86 11i+ 0.0691 58.0
0.500 0.852 1.98 120 0.068/4. 6k* 5
0.250 0.9i|2 2,05 123 0.0681 68.0
0.000 O.98O 2.07 12U
.....  ■.
0.0680 69.5
Table 4
Data for determination of Mean
at Upstream Probe Station
r/rV V(ft/sec)
t
/ g( f )
pa
(rbs/ft3)
v.p *r.a
(lb)(ins)/ 
ft sec.
Vop ot oToa g 
lboins °P 
ft2sec.
0.2 78.5 205 0.0597 0.94 192
0.4 75-0 200 0.0602 1.81 362
0.6 69-0 193 0.0608 2.52 486
0.7 65-0 188 0.0613 2.79 525
0.8 60*5 182 0,0618 2.99 544
0.9 53.5 171 0.0629 3.03 518
0.92 51.0 166 0.063U 2.98 495
0.94 47.0 161 0.0639 2.82 454
0.96 42.0 153 0,061+8 2.61 399
0.98 33.0 138 0.0661+ 2.15 297
0.99 25.0 126 0.0678
-1-  . _ _______
1.68
.
212
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Table 5
V
(ft/see) tg(°F)
pa 3 
rbs/ ttJ
v.p »r.a
(lb/ ins) 
ft^ sec.
v.p t 0 r.
a s 0 lb. ins 0 F
ft sec.
0.2 68.5 123 0.0681 0.93 115
o.U 66.0 121 0.0683 1.80 218
0.6 62.5 118 0.0686 2.57 303
0.7 59.5 116 0.0689 2.87 333
0.8 56.0 113 0.0692 3.10 350
0.9 U8.0 110 0.0696 3.01 .331
0.92 k3.5 108 0.0699 2.80 302
0.9U 36.0 106 0.0702 2.38 252
0.96 29.0 102 0.0706 1.97 201
0.98 21.0 95 0.0715 1.W 11+0
0.99 17.0 88
__
0.0723 1 .21 106
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Table 6
Experimen t Number 5*10
1m.v. = 1110 Btiylir/ft^ . Re = 48400
/L
(p(
Heat PI’ 
m.Vp x 
(2)
iy
100)
(3) (4)
tg
(°F)
Mean
tg-tw
(8f )
Heat Transfer
Coefficient
Btu/(lir.)(f'fc2) (°p)
(1) (2) (3) (U)
5 114 96 97 95 205 133 9.k 7.9 8.2 7.9
15 123 110 115 101 194 119 11.5 10.1 10.6 9.6
21 106 110 99 106 186 111 10.6 10.8 9.9 10.7
28 109 110 98 102 177 102 11.2 11.7 10.8 11.2
29 112 9k 76 95 176 102 12.1 10.0 8.4 10.3
31 121 87 77 88 173 100 13. k 9.6 8.5 9.7
33 99 105 89 84 171 99 11.2 11.7 10.1 9.3
34 109 119 101 65 169 96 12.6 13.9 11.7 7.4
36 120 120 123 81 168 94 1II..0 14.3 14.8 9.3
33 125 133 123 87 165 91 15.1 1606 15.4 10.4
39 106 .126 127 83 163 87 13.2 16.5 16.2 10.5
41 110 122 117 74 161 83 12+.7 16.5 15.5 9.7
k2 106 131 114 72 160 82 14»4 17.8 15.4 • 9.5
kk 96 130 108 75 157 80 13.7 18.3 15.2 10.2
he 103 119 101 67 155 78 14.7 17.2 14.6 9.4
kl 108 115 95 69 154 76 15.8 1608 13.9 9.8
k9 87 117 9k 67 152 75 13.2 17.3 13.9 9.7
51 87 107 89 64 149 73 13.2 16.7 13.5 9.7
52 83 101 84 64 148 73 12.8 15.5 1 2.8 9.7
5k 79 53 79 64 146 71 12.1 14.7 12.4 10o1
57 88 83 76 60 144 71 13.8 13.0 12.1 9.5
62 72 63 62 49 140 67 11.6 10.4 10.5 8.2
72 67 58 57 46 133 60 12.4 10.8 10.6 8.3
78 52 56 50 45 129 57 10.4 11.1 9.6 8.8
86 k2 39 k5 39 124 52 9.0 8.3 9.4 8.3
89 k5 56 51 40 123 52 9.6 11 .9 10.9 8.5
96 k2 kl 41 39 119 47 10.1 10.9 9.5 9.0
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Table 7
Predicted Heat Transfer Coefficients 
(Turbulent Region)
h,. (1 + 0.1 386 (^d)0,8^  )
' Ufs (Re)0'^ La '
(Re) (^d)-2 > 91
V  * v.  ^ u  j
Ufs (Re)°’2LA '
(Re) (D//d)-2 <- 91
Ee -It. x 10 .
fs
Btu/hr.ft^ °P
^  2 o Btu/hr.ft P.
I4..8I+ 0.0055 9.9 11.8
3.37 0.0060 7.6 9.1
2.7U 0.0062 6.5 7.7
2.09 0.0067 5.2 6.2
1.51
_ ___ ____
0.0071 J+.o U.7
-i
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Table 8
Predicted Heat Transfer Coefficients 
(Streamline Region)
h‘A = h ( i + fc ( “
(D)
(a)
a ) 
la )
Re fc/fs h
T 2 0 Btu/hr.ft , P. Btu/hr.ft2 °P
hA
. (free
convection) 
Btu/hr.ft^ °Po
2000 2.7 0.38 0.53 0.76
1500 2 mb 0.34 o.u6 0.68
1200 2.3 0.32 0.1+3 0.66
800 1.9 0.31 o.uo
,
0.57
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Tafole 9
Predicted Heat Transfer Coefficients 
Transition Region)
*  ■ (1 * * is! |  • fA j
s
h
Re 5000
•A = h ■ (1 + 0.158 9 (D//a)0,id)
1 4 f s (Ee)°“2 LA 5
He ^  5000
h_ determined from v Re curves ( n
Re fs fc/f s h f" p 
BtiVlH*. ft
°F.
hA
Btu/hr.ftJ 
°F.
hA
free
conveftti on 
Btu/hr.ft^ °F0
2300 - 2.8 0.54 0.76 1.07
2600 - 3.0 0.59 0.85 1.20
3000 - 3.1 0.74 1.08 1. hi.
5000 0,0096 - 1.48 1.73 2.2
8000 0.0085 - 2.50 2o 90 3.50
. —  .. _t
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Table 10
Iieat Transfer Coefficients Calculated 
from Jeschke Equation 
(Turbulent Region)
hA = V  ^  + 3°5h (<3/d) -
Re
x 10 H
■" .. .
h
? 2 o  Btu/hr.ft p
hA p 
Bti/hr • ft F
14..81+ 9.9 1 2 o 0
b>bo 9.0 10.9
3.13 7.1 8.6
2.09 bob 3.5
1.13
.......
3.1 3.8
.. .............. V.
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Table 11
intal Heat Transfer Coefficients
(Bend 1)
Expo
Number x 10
Heat
load5Q
(Bt\*/hr)
t at
g
n=o.i
(°p )
t at
//L=1 .0
(hF)
W
(lb/br)
£0 
-p 
— Atm
( °f )
h - A
Btu/hr 
ft2 °P.
1 «i 6 1+.1+1 3680 162 107 268 70 60 9«7
1.15 3.82 3660 170 107 232 71 62 9.1+
1 o12 3.34- 3230 166 102 202 67 62 8.3
1.3 3.15 2570 145 93 198 65 1+9 8.3
1.5 2.70 2080 139 87 1 60 65 1+3 7.7
1.7 2.21+ 1830 1i+3 88 133 66 1*1+ 6.6
1.27 1.59 3180 222 93 99 51+ 88 5.7
1 * 17 1.05 3020 281 103 68 68 99 1+.8
1.26 0.760 1650 221+ 81+ 1+7 50 86 3.1
1 *23 0.610 11+1+0 211 58 37 53 96 2.1*
1'.2l+ 0.1*30 11+30 292 88 28 53 137 1.7
1«25 0.380 1030 253 82 21+ 53 115 1.1+
1 «20 0o 261+ 101+0 308 63 17 1+6 11+0 1 .2
1.18 0.197 971 367 68 13 58 160 0.97
1.22 0.158 555 282 ' 60 10 50 121 0.73
1:
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Table 12
gxperimental Heat Transfer Coefficients
(Bend 2)
Exp.
Number W 
lb
 CD
o
I •p"
. . . . . . .  ----------- - .......—
Heat 
load Q 
(Btu/hr)
t at
4 =0.1
( F)
tg at 
</L=1 .0
W
(lb/hr)
tw
(°F)
Atm
(°F) hA Btu/hr 
ft2 °F.
2.11 5.43 6180 184 110 334 67 74 12.8
2.12 5.10 6100 190 113 317 70 75 12.5
2.13 4.60 5550 187 109 284 68 74 11.5
2.6 3.75 1+780 186 103 230 64 73 10.1
2.5 3.53 1+460 180 97 215 61 70 9.8
2.4 3.28 3920 171 92 198 59 65 9.3
2.2 2.73 3870 188 96 168 60 72 8.3
2.1 2.18 4020 219 101 136 60 87 7.1
2.3 1.86 2710 188 93 114 54 77 5.4
2.7 1.54 2830 214 96 96 57 85 5.1
2.15 1.38 3390 262 108 88 62 105 5.0
2.8 0.945 21+70 262 97 60 59 99 3.8
2.9 0.706 2220 294 101 46 60 111 3.1
2.16 0.372 1190 285 86 24 57 129 1.4
2.10 0.272 1060 316 81 18 61 138 1.2
2.17 0.264 1510 420 84 18 52 200 1.2
2.18 0.161 1370 564 68 11 57 259 0.81
2.19 0.122 681+ 405 63 8 61 173 0.61
+
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Table 13
Average Experimental Heat Transfer Coefficients
(Bend 3)
Exp«
Number Re 4 x 104*
Heat 
load Q 
(Btu/hr)
tg at
£/L=0.1 
( °P)
tg at
V ^ 1 .0
(°F)
W
(lh s/hr)
tw
(°F)
Atm
(°p) hABtu/hr
ft2 °F
3.19 5.70 5750 184 119 353 82 64 13.3
3.17 4.86 5370 188 117 302 81 65 12.3
3.16 4.15 5230 200 119 259 82 70 11 .1
3.15 3.65 3680 172 106 223 77 56 9.8
3.14 3.41 3630 179 108 206 78 59 9.2
3.13 2.93 3330 181 107 180 76 61 8.1
3.12 2.47 ; 3660 204 109 154 76 70 7.7
3.11 2.17 .3100 202 110 135 77 69 6.7
3.10 1.97 3160 215 113 124 79 73 6.4
3.9 1.67 3000 229 116 106 77 83 5.3
3.8 1.60 2870 227 113 101 75 82 5.2
3.7 0.990 3100 302 111 65 68 113 4.1
3.5 0.613 723 165 87 37 64 53 2.0
3.4 0.378 1090 269 87 24 65 113 1.4
3.3 0.273 1140 331 78 18 61 88 1 .2
3.2 0.172 735 343 69 11 63 143 O.78
3.1 0.122 566 350 67 8 64 150 0.56
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Table 14
Average Experimental Heat Transfer Coefficients
(Bend 4)
. ....
Exp« 
Number -4x10
Heat 
load A 
(Btu/hr)
t atg
*/L=0.1 
( f )
t at
g
VLrI .0 
(°F)
w
(lb/hr)
tw 1
(°F)
A tm
T*)
hA
Btu/hr.
ft2 °F.
4.6 5.20 6090 194 122 338 82 70 12.4
4.7 4.61 5930 203 . 125 304 80 78 10.8
4.9 3.46 5620 228 132 234 81 91 8.8
4.10 3.33 4010 185 110 214 73 68 8.4
.4.12 3.06 3500 185 114 197 75 68 7.3
4.19 2»55 3780 204 114 168 72 79 6.8
4.18 2.13 3580 218 117 142 72 86 5.9
4.17 2.06 3680 223 117 139 73 87 6.0
4.16 1.84 3720 237 118 125 71 94 5.6
4.15 1.56 3670 256 120 108 75 98 5.3
4.14 1.38 3310 253 115 96 71 • 97 4*9
4.13 1.08 2740 267 121 75 71 107 3.7
4.4 0.558 1050 208 95 37 72 64 2.3 J
4.5 0.349 914 248 96 24 68 104 1 3 ' l« \
4.3 0.248 810 268 88 18 71 107 ■1.1 [.
4.2 0.153 614 300 77 11 73 116 0.75 ;
4.1 0.105 605 371 69 00
!____ ___
68 152 0.57 |
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Table 15
Average Experimental Heat Transfer Coefficients
(Bend 5)
Experimental 
Numb er Re -4x1 0 ^
s
Heat 
load Q 
(Btu/hr)
t at 
§
%=o.i
( Fj
t at
g
/L=1o0
(°F)
w
(lbs
/hr)
tw
°F
btm
°F
hA
Btu/hr .
ft2 °F 0
5o 1 0 4.84 6950 209 117 302 72+ 80 11.9
5.11 4.78 6210 199 116 299 76 73 11.7
5.12 4* JLj.0 5510 195 113 274 75 71 10.6 i
5.13 3.87 5950 217 117 238 76 86 9.5
5-1 3.37 4400 192 108 209 71 71 8.5
5.2 3.13 4240 196 109 195 71 73 8.0
5.3 2.74 3820 196 106 170 71 71 7.4
5.U 2o32 4050 223 113 1U7 72 85 6.5
5.5 2.09 ,3510 216 109 131 70 81 5.9
5.6 1.74 3460 236 110 110 71 88 5.2+
5.7 1.51 3220 244 111 97 71 92 4.8
5.8 1.13 3050 281 114 73 69 108 3.9
5.9 0.838 3160 3U2 117 56 68 131 3.3
5.16 0.281 390 254 78 18 61 105 1.03
5.17 0.178 560 271 67
;
3 . . . . . . . . . . . . . . . . . . . . . . . .
11 59 110 0.7
- 86-  * 
Table 16
Average Experimental Heat Transfer Coefficients
(Bend 6)
*.. .
Experiment
Number -1+x 10
Heat 
load,Q. 
Btu/hr.
t at
g
0/L=O.1
(°p)
t at 
$L=1.0
(°F)
W
(lbs
/hr)
' tw 
°P
Atm
°p
hA
Bt+/hr0
ft2 °P0
6.18 k*9k 658O 192 106 306 72 68 13.0
6o1 7 1+.38 6500 20L). 109 271+ 71 76 11 o0
6 o 16 3.92 6310 208 105 21+5 68 77 10.5
6.15 3.23 6000 231 111+ 205 72 . 88 8.7
6.11+ 3.20 i;160 182. 96 19/ 65 65 8.1
6.13 2.92 3790 179 93 176 63 6t|. 7.6
6.12 2.30 3760 199 93 11.2 61+ 69 7o0
6.11 2.02 3660 209 92 125 63 72 6.3
6.10 1 .78 3280 218 100 111 68 77 5.1+
6.9 1 .38 3160 250 105 87 68 91 I+.I+
6.8 1.12 2980 272 . -107 72' 67 101 3.7
6.7 0.798 2810 322 106 52 65 118 3-0
6.6 0. 61+6 2580 3U6 108i 1+3 67 121+ 2.6
6.5 0.58 7 1130 208 83 36 62 65 2.2
6.1+ 0.380 1025 253 81 21+ 61 106 1 .!+
6.3 0.280 835 262 72 18 61 106 1.0
6.2 0.173 695 317 67 11 60 132 0.67
6.1 0.126 il55 29U 63 8 61 118 0.i+9
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CHAPTER VII
VI. 1. Summary and Conclusions
It was shown in tho Literature Survey that a 
laboratory investigation into the factors affecting heat 
transfer from a fluid flowing in a pipe bend was required. 
Although it was generally recognised that a pipe bend 
increased the heat transfer from a fluid information was 
lacking regarding the extend of this increase. It was also 
found to be desirable to be able to predict average heat 
transfer coefficients for a system containing pipe bends.
An apparatus was constructed consisting of a 2” 
internal diameter pipe bend with straight ducts of the same 
diameter connected to the upstream and downstream ends. The 
test section was immersed in a heat sink and maintained at 
conditions of constant pipe wall temperature. The internal 
fluid was air at a temperature higher than the surroundings 
so that heat was transferred to the pipe wall. Various bend 
curvatures were irvcstigated.
Theoretical considerations showed that the 
aerodynamics in a curved pipe was extremely complex and 
although secondary motion is thought to occur no sound 
theory has been developed. However9 data has been produced 
for predicting friction factors for curved pipes and by 
assuming that secondary motion causes excess pressure loss 
and excess heat transfer at a pipe bend the friction factors
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have "been related to the heat transfer coefficients,,
The experimental work involved varying the 
Reynolds number of the air stream and measuring local heat 
fluxes around the circumference and along the length of 
the pipe. Accurate determinations of hulk mean air 
temperatures and velocities were made at two-probe stations in 
the pipe. Use of this data and local heat flux surveys 
enabled the gas temperature at any posiH on in the pipe to 
be calculated.
From the results local heat transfer coefficients 
were calculated and serve to illustrate the effects of the 
bend on heat transfer. For the more important design 
considerati ons average heat transfer coefficients were 
calculated and compared with those predicted theoretically.
It was found that the following equations could 
be used to predict heat transfer coefficients for a system 
containing 1 90° pipe bend?- 
Streamline flows-
hA ______ hT _________ - - - - 17.
1 - £s T d] e . a
£s (d) 2 Lrp
Turbulent flows - 
Re (D/a)“2 > 9 1
1 - Ufs (Re)0,17 Lr
Re (D/d)"2<c 91
The theoretical heat transfer coefficient 
h^ , for a straight pipe should he determined from the 
Dittus Boelter equation for turbulent flows -
Nu = 0.0225 (Re)0,8 (Pr)0' ^ ------ 10.
For streamline flow -h^  should be determined from 
the tube side heat transfer curve vs Re as shown
Q
by Kern modified to allow for free convection by the 
following factor
= h_ f 2,25 (1 + 0.01 Gr-V3) ~1----- 20.
U log Re J
The heat transfer design equation may thus be 
modified to allow for bend effects;~
Q =  h^oWod . A t m  - - - 21 .
where;-
h* = Average internal heat transfer coefficient for
2 o \pipe containing a bend (Btu/hr0ft 0 F.j
h^ = Average internal heat transfer coefficient for 
straight pipe (Btu/hreft2,°F) 
d = internal pipe diameter (ft)
D = Diameter of curvature of bend (ft)
0 = bend angle (radians) 
fc = friction factor for curved pipe ) (2R )
fs = friction factor for straight pipe ' ( )
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L
Q
T Theoretical length of straight pipe (ft) 
Actual length of pipe containing bend (ft) 
Heat load (Btu/hr)*
Reynolds number
Nusselt Number (M) 
(k )
G-r = G-r
VTI„ 2„ Scope for further Work
Pr Prandtl number (cu )
The previous research work should find application
industrially in the design of gas fired immersion tube 
heaters0 Such heaters normally, contain at least one pipe 
bendo However, larger diameters than 2” are normally 
encountered and it is recommended that investigations under 
laboratory conditions should be carried out on large diameter 
pipeso To obtain a good estimate of the effect of diameter 
initial work should be on the largest diameter possible,,
Under laboratory conditions this will probably be 6|;,
bends is the effect of more than one bendo Often return 
bends are connected to an installation and these may be
bends is probably an important criterion.
More detailed studies of free - convection effects in 
gas streams would be useful in predicting actual heat transfer
Another factor influencing heat transfer at pipe
considered as 2,90° bends» The distance between the two
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coefficients. For larger diameter pipes free convection 
currents will exert a greater influence on the heat transfer 
and could possibly make the bend effect less significant.
A wider range of bend curvatures than those 
investigated in this work should be studied. Laboratory space 
often makes this prohibitive, however, the results from such a 
study would assist in establishing design equations•
An analytical approach to the problem of fluid flow 
in pipe bends would assist in the correlation of heat transfer 
results. This is a very complex problem, however, work has 
been started on a mathematical approach at Battersea College 
of Technology.
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APPENDIX 
Tables of Results
Experiment Number 6.IB
Im.v. = 1570 B.T.TJ./hr.ft2. Re. = 49400
l/L
xlOO
(l)
Heat 
(in. v. 
(2)
Flux 
x 100)
(3) (4)
-PO Mean
tg-tw
(8f )
Heat 'transfer
Coefficient 
B.T.U./(hr.)(ft‘)(°F) 
(1) (2) (3) (4)
5 73 89 80 88 200 134 8.4 10.2 9*4 10.4
14 81 74 80 78 186 115 11.1 9*9 10.9 10.9
20 65 73 69 70 177 107 9*4 10.4 9*9 10.2
26 74 60 55 85 169 99 11.8 9.4 8.8 13*4
27 85 75 66 80 168 97 ,1-4*0 12.4 10.8 13.0
29 86 89 85 75 165 92 14*8 15*4 14*1 12.7
30 71 73 77 59 164 90 L2.7 13*2 13*2 10.4
32 63 89 82 62 161 86 LI. 5 16.6 14*6 11.2
34 75 85 83 67 158 83 14*1 16.5 15*5 12.1
35 65 98 103 46 157 81 12.4 19.8 19.8 8.5
37 79 100 99 41 154 78 L5*4 20.9 19*6 7.9
38 74 106 86 56 153 77 3-4-9 ■ 22.4 17*3 11.0
40 76 96 97 54 151 75 3-5-7 20.9 20.3 10.8
41 80 87 95 44 149 73 17*3 19*5 20.7 9*1
43 81 87 88 54 147 70 17*4 19.8 19*2 11.5
44 58 86 78 54 146 69 13*3 20.1 17*3 11.9
46 61 74 78 55 143 66 14*9 18.2 17*7 12.7
47 58 85 80 48 142 65 14*5 21.2 18.2 11.3
49 47 71 77 57 140 63 12.1 18.5 18.1 13.5
50 70 75 80 48 138 62 18.4 20.2 19*3 11.6
55 44 64 65 50 131 55 12.6 18.7. 17*3 13*5
60 44 51 48 32 128 55 12.9 14*8 13.2 8.8
65 38 46 _ 47 31 ■ 123 51 11.8 14*1 13*7 9*0
72 29 34 34 34 120 47 9*9 11.6 10.8 10.8
79 23 29 33 26 117 44 8*5 10.4 11.3 9*1
89 22 33 32 24 111 44 8.2 12.1 11.2 8*3
92 22 28 28 27 110 43 8.0 10.5 9*7 9.4
96 23 18 28 22 108 
1 __—_
43 8*5 6.9 10.1 7*9
- 9 k ~
Experiment Number: 6.1?
1 m.v. = 1570 B.T.TJ./hr ft2 Re *= 438OO
1/L Heat Flux tg Mean i Heat Tran ser
xLOO (m.v. x 100) (°F) tg-tw Coefficient
(°F) B.T.U ./ (hr) (ft2) (OF)
(l) (2) (3) (4) (1) (2) (3) (4)
5 96 86 91 91 212 146 10.3 9.2 10.0 9.8
14 82 73 82 78 197 125 10.3 9.2 10.3 10.0
20 77 77 71 70 189 117 10.3 10.3 9.5 9.7
26 76 78 60 82 179 110 11.0 11.0 8.5 11.8
27 96 85 75 83 177 107 14.2 12.4 10.9 l2*3
29 63 88 86 79 174 104 9.6 13.3 13.0 11.9
30 73 95 86 58 172 102 11.4 14.8. 13.2 8.8
32 73 73 81 67 168 96 11.9 12.1 13.2 10.7
34 76 : 85 91 49 167 95 12,7 14.5 15.4 8,0
35 64 104 91 45 162 90 11.0 I8.5 15.9 7.6
37 92 98 94 54 161 8 9 16.0 17.9 16.8 9.3
38 70 98 83 65 158 84 12.9 18.9 15.5 11.7
40 73 90 89 50 156 83 13.8 17.4 17.1 9.3
ft 73 89 85 52 154 80 14*3 17.4 16.6 10.143 70 90 93 48 152 78 14.I 18.4 18,7 9.6
44 72 85 86 55 149 75 15.1 18,2 17.7 11.5
46 -58 78 82 47 148 74 125 16.8 17.1 10.0
47 67 75 74 52 145 71 15.1 16.6 16.2 11.3
49 68 73 79 54 144 70 15.7 16, 6 17.3 12.1
50 48 73 73 46 141 68 11.2 17.1 16,8 10.6
55 53 67 65 48 13 3 64 12.8 16,6 15*7 11.8
60 46 47 49 43 131 66 11.1 11.4 11.5 IO.4
65 37 38 48 34 129 60 9.7 9.9 12.6 9.1
72 36 34 41 30 124 54 10,5 10,1 11.9 8.9
79 22 33 33 30 117 49 7.1 10.6 10.4 9.6
87 21 32 27 22 115 47 7.0 10.7 8.8 7.5
95 17 27 25 20 ill 44 6.1 9.9 8.5 7.1
98 20 24 17 27 110 43 7.3 9.0 5*9 9.9
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Experiment Humber 6.16
lm.v. = 1570 B.T.TJ./hr.ft2. Re# = ^ O O
i/l
xlOO
T...
(i)
Heat Flux 
(m.v, x lOO)
(2) (3) (4)
t g 
(°F)
. . i
Mean
ig-ti
(bf )
Heat 
* B.T;
(1)
Transfer
Coeff
’IS
icient
)(°F)
(4)
5 84 85 65 80 216 152 8.6 8.7 6.8 8.2
14 83 70 74 77 201 132 9*7 8.2 8.7 9.2
20 69 74 67 73 191 122 8.9 9.4 8.5 9.5
26 84 70 63 79 181 114 11.7 9.6 8.6 11.0
27 65 73 72 83 179 111 9.3 10.3 10.2 11.8
29 80 84 74 71 176 107 '11.7 12.2 10.8 10.4
30 78 84 86 74 174 104 11,8 12,7 12,8 11.2
32 67 87 86 63 170 100 10.4 13.9 13.5 9.8
34 77 94 84 58 167 97 12.1 15.5 13.6 9.1
35 65 99 96 54 165 96 10.3 16.5 15*9 8.7
37 80 94 98 45 161 91 13.1 15.9 16.2 17.1
38 74 98 91 55 160 90 12.6 16.2 17*3 9.4
40 86 85 80 49 150 85 15.3 15,7 14.6 8i7
41 77 90 87 53 155 84 14.2 17.0 16.3 9.8
43 61 80 86 49 152 81 11.7 15.7 16.5 9.3
44 . 66 82 83 52 151 80 12.9 16.5 16.1 10.1
46 56 74 70 45 . 147 76 11.4 15.5 14.1 9.1
47 52 73 70 40 146 35 10.9 15.7 14*4
49 55 72 74 50 143 72 11.8 15.9 15*7 10.6
50 50 76 74 46 142 71 12.4 17.0 16,1 10.0
55 52 57 65 42 135 64 12.5 13.8 15.0 10.0
60 37 40 43 36 130 66 8.9 9.5 10.0 8.6
65 29 46 38 36 125 60 7.6 12.0 10.0 9.4
72 24 32 38 28 121 ' 54 6,8 9.3 10,8 8.2
79 20 33 33 29 116 49 6.4 10.4 10.0 8.9
87 27 27 26 25 112 47 9.2 9*0 8.5 8.4
95 70 25 30 26 107 43 6.8 8.4 10.0 8.9
98 17 16 18 22 106 47 5.7 5.6 5.9 7.3
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Experiment Number 6.15
lm.Vo = 1670 B.T.TJ./hr.ft2. Re.=32300
xlOO
(1)
Heat Flux 
(m.v. x 100)
(2) (3) (4)
tg
(°F)
Mean
tg-tV*
(®F)
Heat Transfer
Coefficient 
B.T«U./(hr.)(ft )(°F)
(1) (2) (3) (4)
5 85 55 75 81 242 174 7.6 7.5 6.7 7.2
14 86 73 83 67 222 150 8.9 7.6 8.5 6.9
20 74 91 66 70 210 138 8.4 10.3 7.4 8.0
26 80 71 57 64 200 129 9.7 8.6 6.9 7.8
27 78 51 70 64 199 127 9.7 6.4 8.9 8.1
29 79 87 78 70 194 121 10*2 10,3 10,1 9.1
30 72 70 65 68 192 118 9.5 9.4 8.6 9.0
32 84 80 66 54 188 113 11.6 11.2 9.1 7.4
34 84 83 70 54 I84. 109 11.9 12.0 9.9 7-5
35 86 89 78 54 182 107 12.5 13.3 11.4 7.8
37 75 90 79 52 178 103 11.3 14.1 11.7 7.7
38 64 88 70 48 176 101 9.8 14.1 10.8 7.3
40 65 87 78 54 173 98 ‘10.2 14.1 12.3 8.5
41 61 84 82 52 171 96 9.8 13.9 13.3 8.5
43 51 64 80 52 168 93 8.4 10.8 13.2 8.7
44 ' 60 81 77 48 166 91 10.4 14.1 13.0 8.2
46 64 75 76 49 162 87 11,3 13.5 13.1 8.6
47 55 74 70 44 160 86 9*9 13.8 12.4 8.0
49 57 69 71 48 157 83 10.7 13.2 13.0 9.0
50 58 79 72 46 155 81 11.4 15.5 13.8 8.8
55 37 62 55 33 148 74 7.8 13.0 11.2 6.8
60 37 40 48 39 142 73 7.8 8.5 9.9 ' 8.2
65 35 39 27 36 137 67 8.1 9.0 6.1 8.2
72 25 38 36 35 132 60 6.5 9.8 9*3 9.2
79 23 29 29 17 127 54 6.7 8.3 8.3 4.9
87 20 23 30 20 121 53 6.2 7.0 9.1 6.0
92 21 23 26 25 118 51 6.5 7.2 7.9 7.7
96
.... ..........
19 20 25 15 115 50 5*7
1—  ___
6.4 7.6 4.6
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Experiment dumber 6.14
1 m .  v. « 1 5 7 0  B . T . U . / h r . f t 2 . Re. = 3 2 0 0 0
l/L
xlOO
(1)
Heat
(m.v.
(2)
Flux 
x 100)
(3) (4)
"kg
(°P)
Mean
tg-ti
(8P)
Heat 'transfer
Coefficient 
* B.T.U./(hr.)(ft)(°P) 
(1) (2) (3) (4)
5 66 66 42 50 190 128 8.1 8.0 5.2 6.1
14 57 52 50 50 177 111 8.1 7.4 7.0 7.1
20 72 53 43 41 167 101 11.2 8.2 6,6 6.5
26 52 30 37 50 160 96 8.5 4*9 6.0 8.2
27 51 52 51 41 158 92 8.7 8.9 8.5 7.0
.29 35 53 42 47 157 91 6.0 9.2 7.1 8.0
30 42 57 52 46 155 90 7.4 10.2 9.0 7.9
32 48 51 48 42 152 86 8.8 9.5 8.6 7.5
34 54 51 53 35 150 84 10,1 9.9 9.7 6.4
35 47 67 53 31 147 80 . 9.0 13.5 10.3 6.0
37 57 63 59 31 145 80 11.3 12.8 10.9 5.8
38 60 72 66 34 143 77 12.2 15.1 13.5 6,6
40 55 64 60 36 140 75 11.5 14.0 12.4 7.4
41 37 59 57 36 138 ' 72 8.1 13.2 12.4 7.8
43 44 58 58 32 136 70 9.9 13.2 13.2 7.1
44 36 56 56 33 134 68 8.8 13.1 12.9 7.5
46 44 52 46 33 133 67 10.3 12.4 10.6 7.6
47 38 47 45 33 131 65 9.3 11.5 10.7 8.0
49 34 47 44 26 129 63 8.6 11.9 10.8 6.5
50 33 48 41 32 128 60 8.5 12.6 10.4 8.2
55 34 42 40 32 123 55 9.5 12.0 11.2 9.1
60 25 28 30 21 119 56 6.9 8.0 8.3 6.0
65 27 26 26 23 115 50 8.3 8.2 8.0 7.2
72 18 24 26 21 110 44 6.4 8.6 9.1 7.5
79 18 18 16 18 106 40 7.1 7.1 6.1 7.1
87 15 18 18 15 101 37 6.5 7.6 7.6 6.4
92 15 15 18 18 99 37 6.4 6.5 7.4 7.4
96 12 12 14 14 97 36 5.2 5.2 5.9 5.9
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Experiment Humber 6.15
lm.v. » 1370 B.T.TJ./hr.ft^. He. » 29200
1/1
xlOO
(1)
Heat
(m.v#
(2)
Flux 
x 100)
(3) (4)
ft>
Mean
tg-tv
(?)
Heat Transfer
Coefficient 
/ B.T.U./(hr.)(ft )(°F)
(1) (2) (3) (4) .
5 55 57 47 46 187 125 6.9 7.2 5*9 5*8
14 46 52 50 50 173 109 6.9 7*5 7*3 7*5
20 63 44 42 42 165 101 10.1 6.8 6.6 6.7
26 38 38 30 39 157 97 6.1 6.1 5*0 6*3
27 45 45 42 41 155 93 7*5 7*6 7*2 6.9
29 51 47 51 45 153 89 8.8 8.3 9*o 7*9
30 40 41 49 33 151 87 7*1 7*4 8.8 5*9
32 44 41 50 34 148 84 8.2 7*7 9*3 6.2
34 44 56 54 •32 146 81 8.5 10.9 10.5 6.1
35 41 59 54 33 144 79 8.1 11.9 10.9 6.5
37 35 63 50 26 142 76 7.2 13.2 10.3 5*3
38 41 56 56 34 140 74 8.7 12.0 11,9 8*7
40 35 54 50 30 138 72 7.8 11.9 10.9 6.5
41 45 54 51 32 136 70 10.2 12.1 11.3 7*0
43 42 50 47 29 134 68 9.8 11.5 10.9 6.4
44 ; 42 51 40 30 132 67 10o0 12.0 9*5 6.8 :
46 45 47 42 28 131 66 10.9 11.2 10.2 6*5
47 31 43 44 22 129 63 7.8 10.6 9*8 5*3
49 39 44 38 26 127 62 10.2 11.1 9*6 6*5
50 31 43 44 ' 26 125 60 8.4 11.3 11.5 6.6
55 27 28 38 27 121 56 7.9 7*7 10.7 7*5
60 26 28 30 26 116 57 7*2 7*7 8.3 7*2
65 20 24 23 18 111 50 6.3 7*4 7*2 5*6
74 19 22 18 18 106 43 7*0 7*9 6.6 6.4
79 16 22 15 18 103 40 6.4 8.4 5*9 7*1
89 12 15 18 11 98 36 5*4 6.5 7*9 4*7
92 14 16 13 13 96 35 6*3 7*2 5*8 5*7
96 12 13 14 12 94 33 5*7 6.2 6*7 5*5
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E x p e r i m e n t  N u m b e r  6 . 1 2
l m . v .  «  1 5 7 0  B . T . T J . / h r . f t 2 . R e .  =  2 3 0 0 0
V l
x l O O
(1)
H e a t  F l u x  
( m . v .  x  100)
(2) (3) (4)
t
t g
( ° F )
I
M e a n  j 
t g - t w  
( b F )
H e a t  T r a n s f e r
C o e f f i c i e n t  
B . T . U . / ( h r « ) ( f t ) ( ° F )  
(1) (2) (3) (4)
5 63 57 47 48 210 147 6.7 6.0 5*0 5*1
14 40 55 57 45 192 127 4.9 5*5 7*1 5*7
20 6l 45 44 42 181 116 8.2 6.0 5*9 5*8
26 37 45 38 32 171 111 5.2 6,4 5*5 4.5
27 42 44 38 43 169 107 6.1 6.5 5*6 5*3
29 52 45 36 42 167 103 7.9 6.9 5*5 6.4
30 55 53 44 41 I64 99 8.6 8.4 7*0 6,4
32 41 49 44 36 161 96 6.6 8.1 7*2 5.8
34 40 51 52 29 158 92 6.8 8.8 8*9 4*8 .
35 41 56 42 26 155 89 7.2 10.1 7*4 4*5
37 50 58 50 28 153 87 9.1 10.7 9*0 5*1
38 48 55 51 30 150 84 9.2 10.4 9*4 5.5
40 50 54 48 26 147 81 9.8 10.6 9*2 4*9
41 35 32 45 28 145 80 7.0 10.3 8.9 5*4
43 38 51 43 28 142 77 7.9 10.6 8.8 5*6
44 40 48 44 29 140 75 8.5 10.2 9*2 5*9
46 33 45 40 26 . 138 73 7*2 9*8 8.6 5*5
47 34 41 40 30 136 71 7*6 9.2 8.7 6.6
,AQ 26 41 40 26 134 69 6.0 9*5 9*1 7*4
50 29 43 38 26 132 67 6.9 10.2 8.9 6,0
55 25 38 31 26 126 65 6.7 10.0 8.0 6.7
60 27 33 28 21 121 60 7*1 0.6 7*3 5*5
65 26 28 22 21 116 54 7*6 8.1 6.5 6.1
72 18 24 20 20 111 47 6.0 7.9 6.7 6.7
. 81 19 21 19 15 103 39 7*7 8.5 7*7 6.0
87 13 16 17 11 99 36 5*7 7*0 7*4 4*8
90 13 14 15 14-L^r 98 36 5*7 5*9 6*5 5*9
96 12 13 14 11 95 35 5*4 5*8 6.3 4*8
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Experiment Humber 6.11
lm.v. * 1570 B.T.U./hr.ft2. Re. « 20200
l/L
xlOO
(1)
Heat Flux 
(m.v. x 100)
(2) (3) (4)
tg
(°F)
Mean
tg-tv
(§F)
Heat Transfer
Coefficient 
B.T.U./hr.)(ft )(°F)
(1) (2) (3) (4)
5 58 61 42 43 222 159 5.7 6,0 4.2 4.3
14 47 48 54 46 ; 201 134 5.5 5.5 6.3 5.4
20 51 58 42 38 187 120 6,6 7.5 5.5 5.1
26 41 35 30 33 177 116 5.5 4.7 4.1 4.5
27 41 40 34 31 175 113 5.6 5.5 4.8 4.4
29 46 35 37 45 172 IO9 6.5 5.0 5.4 6.6
30 50 33 40 24 170 107 7.3 4* 8 6.0 3.6
32 49 53 44 32 167 104 7* 3 8.0 6.7 4.8
■ 34 44 46 48 26 164 100 6.8 7.2 7.6 4.1
35 33 62 54 30 150 95 5.4 10.3 8.9 4.9
37 38 54 48 30 158 93 6.4 9.2 8.2 5.0
38 32 50 45 22 155 92 5.6 8.8 8.0 3.8
40 44 51 39 28 152 87 8.0 9.3 7.0 4.9
41 31 48 46 30 ' 150 86 5.8 8.9 8.4 5.4
f 43 31 49 41 26 147 82 5.9 9.5 7.9 4.9
44 • 35 45 42 20 145 80 6.8 9.0 8.3 3.9
46 29 44 38 24 143 78 5.8 9.0 7.8 4.8
47 30 38 38 20 140 75 6.3 8.0 8.1 4.2
49 30 42 58 23 138 73 6.5 9.0 8.3 5.0
50 28 40 37 22 135 70 6.3 9.0 8.3 4.9
55 23 36 31 23 129 63 5.7 8.8 7.7 5.7
60 29 29 28 22 122 61 7.5 7*5 7.2 5.7
65 26 23 21 16 118 57 7.2 6.2 5.8 -4.5
72 16 22 21 17 111 52 4.8 6.7 6.4 5.1
81 19 19 17 15 103 45 '6.6 6.6 5.8 5.4
87 17 19 18 11 99 40 6.7 7.3 6.9 4.2
92 14 11 13 11 96 39 5.6 4.5 5.1 3.9
96 11 12 12 10 94 38
.
4.5 5.1 4.8 4.1
-1 01 -
Experiment Humber 6,10
l m . v .  =  1 5 7 0  B . T . U . / H r .  f t 2 . R e .  =  1 7 8 0 0
3-/L
x l O O
( 1 )
Heat
( m . v .
(2)
P l u x  
X 100) 
(3) (4)
tg
( ° P )
Mean
tg-tv*
( 3 ? )
Heat Transfer
Coefficient 
B . T . U . / ( h r . )(ft ) ( ° F )
(1) (2) (3) (4)
5 48 46 39 46 231 164 4*8 4.4 3*7 4*4
14 44 50 46 48 209 140 4.9 5*6 5*2 5*4
20 57 41 38 33 196 127 7.0 5*0 4*7 4*1
26 34 30 37 40 184 116 4*6 4*0 5*0 5*4
27 38 36 32 34 181 113 .5,2 5.0 4*4 4*7
29 36 55 26 34 m 112 5.0 7*7 3*7 4.8
30 44 38 46 33 176 110 6.3 5*4 6.7 4.6
32 41 45 33 33 172 104 6.1 6.8 5*0 4*9
34 47 38 44 30 170 102 7.2 5*9 6.8 4* 6
35 41 49 44 22 166 97 . 6.6 8.0 7*1 3*5
37 54 47 42 18 164 95 8.9 7*9 6.9 2.9
38 40 50 43 22 161 92 6.8 8.6 7*3 3*7
40 26 43 35 22 158 89 4,6 7*6 6.2 3*8
41 ' 30 38 37 22 155 87 5.5 7*0 6*7 3*9
43 29 44 38 22 153 85 5.4 8*3 7*0 4*0
44 24 42 37 22 151 83 4*6 8.0 7*0 4*1
46 29 41 34 21 148 80 5.8 8.2 6*7 4*0
47 32 44 37 20 146 77 6.6 9*0 7*5 4.0
49 23 38 33 19 144 76 4.8 8.0 6.7 3*9
50 32 35 30 15 142 73 ■7.0 7*5 6.4 3*1
55 28 34 29 18 137 60 6.6 7*8 6.6 4*0
60 28 29 30 19 130 65 6.8 7*0 7.2 4.6
65 23 26 20 18 124 58 6.1 6*9 5*4 4*9
72 15 17 17 15 117 50 4*6 5*2 5*3 4*7
79 18 17 14 15 112 45 6.4 5*8 4.6 5*2
87 11 14 11 13 107 43 4,1 5*1 4*0 4.8
92 9 11 14 9 104 42 3.4 4*1 5*2 4*0
96 10 9 10 9 102 41 3.8 3*5 3*8 3*4
Experiment lumber 6,9
lm.v. « 1570 B.T.U./hr.ft2 Re. = 13800
*“ •
1/L
xlOO
(l)
H e a t
(m.v.
(2)
ETux 
x 100)
(3) (4)
(°?)
M e a n  j 
t g - t w
( V
H e a t  T r a n s f e r
C o e f f i c i e n t  
B . T . U . / ( h r . ) ( f t  )(°E) 
(1) (2) (3) (4)
5 54 41 38 42 265 199 4*3 3*2 3*0 3*3
14 51 48 . 46 42 240 172 4*7 4*4 4*2 3*9
20 57 48 : 37 34 222 153 5*8 4*9 3*8 3*5
26 37 42'. 31 34 205 138 4.2 4*8 3*5 3*9
27 48 37 i 40 31 202 135 5*6 4*3 4*7 3*6
29 44 44 37 34 198 130 5*3 5*3 4*5 4*1
50 39 42 36 25 195 125 4.8 5*2 4*6 3*1
32 42 47 35 20 190 120 5.4 6.1 4*6 2.6
34 45 38 39 21 . 187 118 5*9 5*1 5*3 2.8
35 34 47 37 21 185 113 4*6 6 . 6 5*2 2*9
37 33 45 38 22 181 109 4*7 6.5 5*5 5*1
38 29 45 40 23 178 109 4*2 6.5 5*8 3*3
40 27 43 32 24 175 106 4.0 6,4 4*7 3*5
41 : 25 40 35 22 172 104 3 . 8 6.0 5*3 3*3
43 : 30 41 34 22 168. 99 4*7 6.5 5*4 3*5
44 23 38 34 21 166 97 3*7 6.1 5*6 3*4
46 23 ■ 40 34 22 163 94 3.8 6.7 5*7 3*6
47 32 38 34 20 161 91 5*5 6.6 5*9 3*4
49 20 34 26 17 158 89 3*6 6,0 4*6 3*0
50 23 36 30 14 15b 87 4.2 6.6 5*4 2.5
55 25 32 25 18 149 80 5*0 6.4 4*9 3*5
60 23 27 26 15 142 74 4.4 5*7 5*4 3*1
65 24 25 19 18 135 67 5*6 5*9 4*5 4*2 :
74 14 15 14 13 125 57 3*9 4*1 3*9 3*6
79 16 16 15 13 120 51 4*9 4*8 4.6 4*0
87 11 15 11 12 114 48 3*8 5*0 3*8 4*2
92 . 12 13 11 9 110 43 4*4 4*6 5*4 3*4
96 8 10 10 8 108 44 2.8 3*5 3.6 2*9
Experiment Number 6.8
l m . v ,  =  1 2 9 0  B . T . U . / h r . f t 2 . R e .  =  1 1 2 0 0
. .. "—I
£/ l
x l O O
( l )
H e a t  F l u x  
( m . v .  x  100)
(2) (3) (4)
t g
(°F)
M e a n  
tg-tv; 
( F)
H e a t  T r a n s f e r
C o e f f i c i e n t  
B . T . U . / ( h r . ) ( f t  ) ( ° P )  
(1) (2) (3) ,(4)
5 63 55 59 60 293 229 3.5 3*1 3*3 3*4
14 52 49 53 51 262 195 3.4 3*2 3*5 3*4
20 56 47 48 46 243 274 4.1 3*5 3*4 3*4
26 42 42 46 45 225 259 3.4 3*4 3*7 3*6
27 54 44 47 39 221 155 4*5 3*7 3*9 3*2
29 47 46 39 35 217 151 4.0 3*9 3*4 3*0
30 44 45 36 43 212 146 3.9 4.0 3*2 3*8
32 47 44 42 27 206 140 4.3 4*1 3*4 2.5
34 43 53 42 27 .201 133 4.1 5*1 4*2 2.6
35 42 50 37 37 197 128 4.2 5*0 3*8 3*7
37 41 50 46 33 194 125 4*2 5*2 4.8 3*4
38 37 49 44 28 190 121 3*4 5*3 4*7 3*0
40 28 48 41 28 188 119 3.0 5.2 4*4 3*0
41 32 49 36 33 I84 116 3.6 5*5 4*0 3*7
43 25 45 38 28 181 113 2.9 5.1 4*3 3*1
44 35 46 39 31 178 109 4.1 5*4 4*6 3*7
46 25 41 38 30 174 107 3.4 5*0 4*6 3*6
47 25 41 34 24 171 103 3.1 5*1 4*3 3*0
49 29 42 30 30 168 101 3*7 5*4 4.6 3*8
50 26 ' 40 35 20 165 97 3*5 5*4 4*6 2.9
55 30 34 28 24 157 89 4* 4 4*9 4*0 3*9
60 36 24 40 24 148 81 5.7 4*6 6.4 4.0
65 25 25 15 20 139 73 4.4 4*4 2.7 3*6
72 17 19 17 15 131 64 3.4 3*8 3*4 3*0
79 16 15 15 16 124 60 3.4 3*2 3*2 3*4
87 16 15 12 12 117 54 3*8 3*6 2.9 2.9
Experiment Humber 6,7
l m . v .  =  1 2 9 0  B . T . U . / h r . f t 2 . R e .  =  7 9 8 0
0O
^.rH
(1)
Heat
(m.v.
(2)
Flux
xlOO)
(3) (4)
tg
(°F)
Mean
tg-tw
( F) ,
Heat Transfer
Coefficient 
B.T.U./(hr.)(ft )(°F)
(1) (2) (3) (4)
5 65 59 56 50 350 284 2.9 2.7 2.6 2.3
14 59 56 53 54 305 237 ■3.2 3.0 2.9 3.0
20 62 53 45 46 278 210 3.8 3.2 2.8 2.9
26 43 37 46 42 253 187 3.0 2.5 3*2 2.9
27 33 43 46 40 249 183 2.3 3.0 3.2 2.8
29 41 50 37 27 243 175 3.0 2.6 2.7 1.9
50 33 52 50 25 237 171 2.5 3.9 3.8 1.9
52 46 50 49 25 230 I64 3.6 4*0 3.9 1.9
34 44 53 46 30 225 159 3.6 4.4 3.8 2.4
35 40 46 51 26 220 153 3.4 3.9 4.3 2.2
37 36 49 50 25 215 149 3.1 4.3 4.3 2.1
38 37 46 48 . 26 211 145 3.3 4.1 4.3 2.3
40 33 45 39 26 206 141 3.0 4.1 3.6 2.3
41 30 45 31 28 200 136 2.9 4.3 3.0 2.6
43 33 43 36 25 196 - 131 3.2 4*3 3.5 2.4
44 25 40 34 23 192 127 2.6 4.0 3.5 2.3
46 24 37 35 20 188 123 2.5 3.9 3.7 2.1
47 25 34 34 19 185 118 2.7 3.7 3.7 2.1
49 25 35 28 16 180 114 . 2.9 4.0 3.2 1.8
50 18 35 32 21 177 110 2.1 4.1 3.8 2.4
55 19 31 25 17 167 101 2,4 4*0 3,2 2.2
60 30 35 27 16 157 92 4.2 5.0 4.2 2.2
65 19 18 19 15 149 84 2.9 2.7 2.9 2.3
77 17 17 16 14 137 74 3.0 2.9 2.8 2.4
79 11 13 11 14 128 67 2.1 2.5 2.1 2.7
87 11 12 13 12 118 58 2.4 2.7 2.9 2.7
90 12 13 13 12 115 56 2.8 3.0 3.0 2.8
96 11 13 9 9 109 50 2.8 3.4 2.3 2.3
-105
Experiment Humber 6,6
lm.v, = 1290 B.T.U./hr.ft^ Re. = 6460
i/l
xlOO
(l)
Heat Flux 
(m.v. x 100)
(2) (3) (4)
(°P)
Meansr
Heat Transfer
Coefficient 
B.T.TJ./(hr. )(ft )(°F)
(1) (2) (3) (4)
5 62 55 53 58 380 315 2.5 2.2 2.2 2.4
14 50 51 52 49 320 252 2.6 2.6 2.7 2.5
20 55 49 41 40 297 228 3 a 2.8 2.3 2.3
26 36 37 38 39 270 202 2.3 2.4 2*3 2.5
27 39 40 33 38 263 195 2.6 2.6 2.2 2.5
29 47 45 35 31 257 190 3.2 "3a 2*4 2.1
30 39 42 33 24 250 183 2.8 3.0 2*3 1*7
32 31 41 36 18 242 275 2.3 3.0 2.6 1*3
34 40 40 42 21 236 170 3 a 3 a 3*2 1.6
■35 33 46 39 25 229 163 2.6 3.7 3*1 2.0
37 27 42 40 20 223 156 2.2 3.5 ■ 3*3 1.6
38 36 41 35 15 217 150 3 a 3.5 3*0 1*3
40 27 34 30 23 212 145 2.5 .3.0 2*7 2.0
41 24 ' 38 33 16 206 140 2.2 3.5 3.0 1.5
43 26 35 29 16 203 137 2.4 3*3 2.7 1*5
44 23 34 28 17 198 132 2.3 3*3 2.7 1.6
46 23 34 32 16 193 127 2.3 3*5 3*3 1.6
47 22 31 28 16 191 124 - 2.3 3*2 2.9 1.7
49 20 29 25 12 187 120 2.1 3*1 2*7 ■1.3
50 17 30 27 14 184 116 1.9 3*3 3.0 1.6
55 12 21 21 14 175 107 1.4 2.5 2.5 1.7
60 32 29 31 25 165 98 4.2 3*9 4a 3*3
65 2.1 20 21 17 155 88 3.0 2.9 3.1 2.9
72 11 17 11 15 140 73 1.9 3*0 1.9 2.6
79 13 14 10 15 131 66 2.5 2.7 2.0 2.8
87 11 10 10 11 120 56 2.5 2.3 2*3 2.5
90 10 10 9 10 117 53 2.4 2.4 2.2 2.4
96 11 11 9 6 112 48 3.0 3*0 2.4 1.6
- 1 0 6 -
Experiment Number 6.5
l m . v .  =  1 2 9 0  B . T . T J . / h r . f t 2 . R e .  «  5 8 7 0
01—!
(1)
Heat
(m.v.
(2)
Flux 
x 100)
(3) (4)
tg
(°F)
Mean
tg-t^
(8f )
Heat Trainsfer
Coefficient 
B.T.TJ./(hr. )(ft.)(°F)
(1) (2) (3) (4)
5 32 23 ■ 16 18 223 163 2.5 1.8 1.3 1.4
14 39 22 20 17 198 135 3.8 2.1 1.9 1.6
20 39 18 15 21 180 117 4.3 2.0 1.8 2,3
26 23 20 14 16 165 103 2.9 2.5 1.7 2.0
27 20 14 14 13 162 101 2.6 1.8 1.8 1.7
29 22 13 11 15 158 97 2.9 1.7 1.5 2.0
30 20 18 14 13 155 94 2.7 2.5 1.9 1.8
32 16 19 15 12 150 89 2.3 2.8 2.2 1.7
34 17 16 15 10 148 86 2.5 2.4 2,3 1.5
35 16 21 18 10 145 84 2.5 3.3 2.8 1.5
37 19 24 16 6 142 . 81 3.0 3.9 2.6 1.0
38 18 18 15 6 140 78 3.0 3.0 2.5 1.0
40 13 19 15 8 137 75 2.2 3.3 2.6 1.4
41 18 17 15 9 133 71 3.3 3.1 2.7 1.6
43 11 18 13 7 131 69 2.1 3.4 2.4 1.3
44 9 17 14 7 129 67 1.7 3.3 2.7 1*3
46 10 17 12 7 127 65 2.0 3.4 2.4 1.4
47 10 15 13 6 125 63 2.0 3.1 2,3 1.5
49 9 16 12 7 123 62 1.9 3.4 2.5 1.5
50 11 15 12 5 110 57 2.5 3*4 2.7 2.4
55 6 12 9 7 116 53 1.4 2.9 2.4 1.7
60 9 12 11 7 111 49 2.4 3.2 2.8 2.3
65 8 7 6 7 105 44 2.3 2.1 1.5 1.8
72 6 7 5 7 99 37 2.0 2.4 1.7 2.4
81 4 5 5 5 93 33 li6 2.0 2.0 2.0
87 3 5 5 4 90 30 1.2 2.2 2.2 1.7
92 4 4 4 5 88 28 1.8 1.8 1.8 2.4
96 4
i
5 5 3 86 26 2.0 2.5 2.5 1.6
-107-
Experiment Number 6.4
l m . v .  ®  1 2 9 0  B . T . U . / h r . f t 2 R e .  =  J 8 0 0
1
i / l
x l O O
( l )
H e a t
( m . v .
(2)
F l u x  
x  100) 
(3) (4)
-PO
-
M e a n
t g - t w
( * F )
H e a t  T r a n s f e r
C o e f f i c i e n t  
B . T . U . / ( h r . ) ( f t  . ) ( ° F )
(1) (2) (3) (4)
5 50 25 13 26 283 222 2.9 1.5 0.8 1.5
14 ■ 40 19 15 17 238 174 3.0 1.4 1.1 1.3
20 42 18 14 15 210 148 3.7 1.6 1.2 1.3
26 18 16 15 17 188 127 1.8 1.6 1.5 1.7
27 16 16 12 14 183 122 1.7 1.7 1.3 1.5
29 20 16 12 12 179 118 2.2 1.8 1.3 1.3
30 18 22 7 6 175 114 2.1 2.5 0.8 0.7
32 14 23 11 7 169 108 1.7 2.8 1.3 0.8
34 15 17 15 7 165 104 1.9 2.1 1.9 0.9
35 20 20 13 8 161 100 2.6 2.6 1.7 1.0
37 18 19 12 6 157 96 2.4 2.6 1.6 0.8
38 14 20 12 7 153 92 2.0 2.8 1.7 1.0
40 15 17 16 8 150 89 2.2 2.5 2.3 1.1
: 41 13 16 13 5 145 84 2.0 2.5 2.0 0.8
43 13 15 12 5 142 81 2.1 2.4 1.9 0.8
44 ; 12 13 10 7 138 77 2.0 2.0 1.7 1.2
4 6 11 13 11 5 135 74 1.9 .2.3 1.9 0.9
47 14 15 11 6 133 72 2.5 2.7 2.0 1.1
49 9 12 11 5 130 69 1.7 2.3 2.1 0.9
50 10 13 7 5 128 67 1.9 2.5 1.5 1.2
55 12 11 6 5 121 60 2.6 2.4 1.2 1.1
60 13 10 7 7 112 52 3.3 2.5 1.7 1.7
65 7 6 5 5 107 47 2.0 1.7 1.3 1.3
72 5 5 5 5 100 40 1.6 1.6 1.6 1.6
79 .4 4 3 4 94 34 1.5 1.5 1.1 1.5
84 4 3 3 3 91 31 1.7 1.2 1.2 1.2
90 3 3 3 4 87 ' 28 1.4 1.4 1.4 1.8
96 3 2 2 2 84 25 1.5 1.0 1.0 1.0
-?108-
Experiment Humber 6.5
l m . v .  «  1 2 9 0  B . T . U . / h r . f t *  R e .  «■ 2 8 0 0
1--- -11
l/L
xlOO
(l)
Heat
(m.v.
(2)
Flux 
x 100]
(3) (4)
&
Mean
tg-tw
(V
Heat Transfer
Coefficient 
B.T.U./(hr.)(ft )(°F)
(1) (2) (3) (4)
5 52 28 15 32 307 246 7.7 1.5 0.8 1.7
14 39 21 13 16 240 179 2.7 1.4 0.9 1.1
20 25 16 12 16 208 148 2.2 1.4 1.0 1.4
26 21 15 5 13 185 126 2.2 1.5 0.5 1.3
27 17 14 6 11 178 118 1.9 1.5 0.7 1.2
29 16 16 7 9 175 114 1.8 1.8 0.8 1.0
30 18 16 8 7 170 108 2.1 1.9 1.0 0.8
32 14 12 10 5 16> 100 1.8 1.5 1.3 0.6
34 17 17 9 7 159 96 2.3 2.3 1.2 0.9
35 15 16 11 7 154 92 2.1 2.2 1.6 1.0
37 12 15 14 5 149 87 1.8 2.2 2.1 0.8
38 12 12 12 6 146 85 1.8 1.8 1.9 0.9
40 13 15 10 7 142 81 2.0 2.4 1.6 1.1
41 10 15 8 5 138 78 1.7 2.5 1.3 0.8
43 8 15 9 4 . 134 74 li.4 2.7 1.6 0.7
44 8 14 7 5 . 132 72 1.4 2.5 1.3 0.9
46 10 13 6 4 128 67 1.9 2.5 1.3 0.8
47 8 11 6 5 126 65 1.6 2.2 1.2 1.0
49 8 ' 10 7 3 123 61 1.7' 2.2 1.5 0.6
50 7 11 5 4 120 59 1.6 2.5 1.1 . 0.9
55 9 8 5 4 112 50 2.3 2.1 1.3 1.0
60 7 6 4 5 104 43 2.1 1.8 1.2 1.5
65 6 5 4 4 97 36 2.2 1.8 If 4 1.4
72 5 5 3 4 89 29 2.2 1.3 1*3 1.8
79 : 3 4 2 4 84 25 1.5 2.1 1.0 1.5
87 2 2 2 2 78 19 1.4 1.4 1.4 1.4
91 2 1 2 3 76 17 1.5 0.8 1.5 2.3
96 2 3 2 2 73 14 1.8 2.8 1.8 1.8
-109-
Experiment Humber 6.2
l m . v .  =  1 2 9 0  B . T . U . / h r . f t 2 . R e .  1 7 5 0
1/L
x l O O
(1)
H e a t
(m.v.
(2)
F l u x  
x  100)
(3) (4)
t g
(°F)
M e a n
t g - t w
(®F)
H e a t  T r a n s f e r
C o e f f i c i e n t  
B . T . U . / ( h r . ) ( f t  )( F )
(l) (2) (3) (4)
5 56 34 15 35 388 325 2.2 1.4 0.6 1.4
14 40 23 11 26 282 222 2.4 1.3 0.6 1.5
20 40 18 8 20 229 267 3.1 1.4 0.6 1.5
26 23 8 6 14 190 129 2.3 0.8 0.6 1.4
27 21 11 4 9 181 120 2.3 1.2 0.4 1.0
29 15 10 4 9 174 113 1.7 1.1 0.5 1.0
30 17 12 6 8 169 108 2.0 1.4 0.7 1.0
32 15 18 6 ■7 160 99 2.0 2.3 0.8 0.9
: 34 11 15 5 4 155 94 1.5 2.1 0.7 0.5
35 16 14 6 5 150 89 2.4 2.1 0.9 0.7
37 13 14 6 4 145 84 2.0 2.2 0.9 0.6
38 10 11 7 5 138 77 1.7 1.9 1.2 0.8
40 10 10 5 5 131 70 1.9 1.9 0.9 0.9
41 13 8 5 5 128 68 2.5 1.6 0.9 0.9
43 9 7 3 5 125 64 1.8 1.4 0.6 1.0
44 10 7 4 5 120 . 59 2.2 1.6 0.8 1.1
46 10 2 3 5 117 ' 56 2.3 1.6 0.7 1.1
47 7 6 4 3 112 52 1.7 1.5 1.0 0.7
49 8 6 4 4 110 50 2.1 1.6 1.0 1.0
50 6 6 5 2 108 48 1.6 1.6 1.3 0.5
55 3 6 3 3 99 39 1.0 2.0 1.0 1.0
60 5 3 1 3 91 31 2.2 1.2 0.4 1.2
65 2 2 1 2 85 25 1.1 1.0 0.5 1.0
72 2 2 1 2 78 18 1.4 1.4 0.7 1.4
79 2 1 1 1 75 16 1.6 0.8 0.8 0.8
89 1 2 1 1 72 113 1.0 2.0 1.0 1.0
92 2 1 1 1 71 12 2.1 1.1 1.1 1.1
96 1 1 1 1 70 11 1.2 1.2 1.2 1.2
i 0-
Experiment Number 6.1
l m . v .  =  1 2 9 0  B . T . U . / h r . f t 2 * R e .  =  1 2 6 0
i/l
xlOO
(1)
Heat Flux 
(m.v. x 100)
(2) (5) (4)
tg
(BF)
—  —
Mean
tg-tw
(8F)
Heat Transfer
Coefficient 
B.T.U./(hr*)(ft )(°F)
(1) (2) (3) (4)
5 54 28 12 37 380 317 2.2 1.1 0.5 1.3
14 31 21 9 22 258 194 2,1 1.4 0.6 ■1.5-
20 31 17 6 14 200 138 2.9 1.6 0.6 1.3
26 14 5 4 8 162 102 1.8 0.6 0.5 1.0
27 10 7 4 8 155 95 1.4 : 1.0 0.5 1.1
29 11 6 4 7 151 91 1.6 0.9 0.6 1.0
30 10 7 3 5 145 85 1.5 l.l 0.5 0.8
32 10 8 3 5 135 75 1.7 1.4 0.5 0.8
34 9 8 3 4 130 70 1.7 1.5 0.6 0.7
35 7 8 3 3 125 65 1.4 1.6 0.6 0.6
37 8 6 5 3 121 60 1.7 1.3 1.1 0.6
38 7 6 3 4 118 56 1.6 1.4 0.7 0.9
40 -5 6 3 3 114 52 1.2 1.5 0.7 0.7
41 7 -5 2 3 110 49 1.9' 1.3 0.5 0.8
43 5 4 2 3 108 47 1.4" l.l 0.5 0.8
44 4 4 3 4- 105 44 1.2 1.2 0.8 1.1
46 4 3 2 2 102 41 1.3 1.0 0.6 0.6
47 3
2
3 1?" 2 100 40 1.0 1.0 0.3 0.6
49 3 3 1 98 38 0.7' 1.0 1.0 0.3
50 3 3 3 1. 95 35 l.l 1.1 1.1 0.4
55 2 3 1 11 88 28 1.0 1.4 0.4 0.4
60 1 1 1 1 83 23 0.6 0.6 0.5 0.5
65 1' 1 1 1‘ 80 20 0.7 0.7 0.6 0.6
72 1 1 1 1 73 13 1.1 1.0 0.9 0.9
87 _ . _ r . 71 11 — — - 1.1
92 1 1 1 1’ 68 8 1.6 1.4 1.4 1.4
96 - - - 1 66 6
j.____—
— —— — 1.8.
- 1 1 1 -
Experiment Number:
1  m . v ,  -  1 1 1 0  B.T.U./hr f t ^  R e  =  47 8 0 0
l/L Heat F l u x
1
tg IMean Heat transfer
XlOO ( m . v . x 100) ( ° F ) tg-tw Coefficient
(1) (2-1 (3)
) (°F ) B . T . U . /  ( h r ) (ft2) ( ° F )
(4) (1) (2) (3) (4)
5 105 106 96 83 204 131 8.8 8,8 7.3 7.0
15 116 109 115 97 193 117 10.9 10.3 10.9 9.4
21 109 99 108 86 I85 108 11.3 10.0 11,0 9.0
28 125 111 105 111 177 102 13-2 11,2 11.8 12.4
29 125 100 7 6 94 175 101 13.4 10.9 8.4 IO.5
31 113 93 93 87 172 98 12.7 IO.5 IO.5 10.0
33 104 109 108 89 171 96 12.0 12.7 12.4 10.0
34 105 124 102 90 169 94 12.7 14.8 12.1 10.4
36 111 119 113 79 167 91 13.5 14* 9 14,1 9.3
38 101 133 129 75 165 88 , 12,6 17.0 16.8 9.3
39 101 128 128 74 163 85 13.2 17.1 17.1 9.3
41 102 137 130 78 160 80 14.2 19,0 18.0 10.6
42 94 134 116 77 158 78 13.4 19.1 16.3 10.8
44 92 129 111 75 156 76 13.6 18,8 16.0 10.7
46 98 122 102 77 194 75 14.7 18.3 15.1 11.0
47 80 116 108 73 152 73 13.3 17.6 16,4 10.7
49 81 112 103 67 150 72 12.8 17.5 15*7 9.9
51 78 107 97 68 148 70 12,6 17,2 15.4 IO.5
52 75 99 90 65 146 69 12.2 16.2 14.5 10,3
54 68 95 86 65 5-45 68 11.1 15*7 14.2 IO.4
57 90 994 69 65 143 68 14.3 15.6 11.6 IO.4
63 66 60 ■ 64 50 137 61 11.8 10,6 12,0 9.4
72 50 57 53 52 132 59 9.3 10.4 10.2 9.8
78 41 5 0 49 46 128 55 8.3 10.1 10.1 9.386 51 42 45 5-23 49 11.5 9.5 10.0 8.0
91 39 51 49 46 121 48 9.0 11.5 11.3 10.6
96 36 44 39 35 118
J___
44 9.3 10,8 9.9 8,8
- 1 1 2 -
Experiment Number? 5*12
1  m . v .  a  1 1 1 0  BffllVhr f t 2 R e  »  44O O O
1/L
x l O O
(1)
H e a t  
(ir v. 
(2)
F l u x  
x  100)
(3) (4)
t g
( ° F )
M e a n
t g - t ^
(oF)
H e a t  T r a n s f e r
C o e f f i c i e n t  
t B . T . U . / h r  { f t2l°F)
(1) (2) (3 ) (4 )
5 109 102 90 88 201 128 9.3 8.7 8.0- 7.8
15 - 103 99 97 87 189 113 =10.0 9.6 9.6 8.8
21 100 98 94 76 181 IO5 10.8 9.3 -9.5 8.2
28 116 110 107 104 173 101 11.9 12.5 11.5 11.2
29 115 84 85 91 171 98 13-3 > 9.7 9.5 10.1
31 111 91 94 81 169 93 13.1 10.9 11.1 9.7
33 101 98 96 81 167 90 .12.6 12.4 11.3 10.0
34 112 100 105 79 I65 89 14.3 12.5 13.1 - 9.6
36 108 121 106 70 I63 85 14.6 16.4 12.9 9.0
38 : 107 124 118 70 160 79 15.0 17.6 16.8 9.4
39 92 127 119 85 159 83 12.5 18.3 15.5 10. £
41 98 130 104 78 156 78 14.9 19.3 14.2 IO.4 .
42 91 123 105 78 155 76 13.8 . 18.5 15.0 11.1
44 39 109 97 71 1§2 71 14.1 17.1 15.2 10.8
4 6 84 107 91 62 150 70 13.5 17.0 14.4 9.6
47 91 106 92 62 148 73 15.1 17.3 13*1 8.8
49 73 97 87 62 147 71 12.3 16.3 12.4 9.2
51 74 98 88 62 144 64 13.2 17.3 14.8 16.'4
52 79 92 82 62 142. 63 14.2: 16.5 14.4 10.8
54 70 84 75 56 141 63 12.5 15.3 12.6 9.7
57 75 82 66 45 139 65 13.6 15.2 10.6 7.2
62 61 61 49 48 135 63 11.5 11.3 8.2 8.1
70 50 43 48 40 129 55 10.7 9.2 9.5 7.4
78 45 41 4 1 38 124 52 10*4 9.3 8.1 7.5
86 41 36 38 41 120 48 9.9 8.7 8.3 9.1
89 36 34 35 27 118 4 6 8.9 8.4 8.1 6.2
96 43 42 31 38 115 | 44
s
11.6 11.1 7.5 9.0
-113“
Experiment Number; 5 • 13
1 m.v* = 1110 B.T.U,/hr ft2 Re s 38700
l/L Heat Flux tg Mean! Heat Transfer
xlOO (m.v. x 100) (of) tg-tw Coefficient
(1) (2) (3) (4)
(°F) B.T.U./ (hr) (ft2) (OF)
(1) (2) (3) (4)
5 91 88 91 91 224 152 6.7 6.5 6,6 6.6
15 95 85 108 87 210 135 8.0 7.0 8.8 7.1
21 88 88 93 81 201 122 8.1 8.1 7.9 7.7
28 101 99 78 83 192 117 9.6 9.6 7.3 7.7
29 110 93 80 101 189 116 10.7 9.1 7.5 9.4
31 94 89 72 81 186 115 8.8 8.9 6,6 7.5
33 97 100 81 7 6 I84 112 10.0 10.6 7.7 7.2
89 115 86 75 182 108 9.5 12.4 8.5 7.4
36 120 110 103 71 179 IO4 13.3 12.3 10.4 7.3
38 135 129 109 76 177 100 15.1 15.3 11.7 8.1
39 116 124 111 70 175 96 13.6 14.8 12.0 8.4
4.1 99 124 117 71 172 94 12.2 15.5 13.1 8.0
42 95 121 9 8 74 170 93 12.0 15.5 11.0 8.3
44 98 117 101 69 168 92 12.6 15.1 11.4 7.9
46 100 110 92 65 165 98 13.2 14.7 10.9 7*6
47 88 108 97 84 163 87 11.9 14.6 7.7 7.7
49 84 102 91 59 161 83 11.9 14.3 11.5 7.4
51 76 98 84 84 138 78 11.1 14.I 11.9 8,9
52 82 994 83 57 157 80 12.1 10.8 10.8 7.4
54 74 88 82 59 155 78 11.1 13.2 11.1 8.0
57 73 71 70 500 151 72 11.3 11.1 10.8 . 7.6
63 61 55 51 29 145 67 10.1 8.8 8.5 4>8
70 47 52 50 4L 139 60 8.7 9*5 9.3 7.6
80 52 44 46 40 131 57 8.6 8.7 9.0 7.4
89 31 35 39 28 125 51 6.9 7.8 8.5 5.9
96 38 43 31 30 120 48 .9.3 IO.4 6.8 6.5
- 1 1 4 -
Experiment Number: ^.1
I  m.v. =  1 1 1 0  B.T.U./hr ft2 R e  = 3370 0
!
O 
f
 
°
(1)
H e a t
( m . v *
(2)
Flux 
x  100)
(3) (4)
i g  
(°F)
Mean] 
tg-fr 
(°F)
H e a t  T r a n s f e r  
w  C o e f f i c i e n t
B . T . t l . /  ( h r )  ( f t 2 ) ( ° F )
(1) (2) (3) (4)
5 85 70 69 49 .198 128 7.3 6.0 6.1 4*3
15 90 72 80 74 I85 112 8.8 7.0 7.9 7.4
21 80 72 86 62 177 105 8.5 7.6 9.1 6.6
28 95 78 82 70 167 94 11.2 9.2 9.7 8.4
29 92 . 75 75 64 I65 94 10*8 8.9 8.9 7.7
31 102 • 80 81 72 163 90 12.6 9.8 10.0 8.9
33 94 87 75 60 160 87 12.0 11.1 9.5 7.7
34 83 94 87 57 158 84 11.1 12.6 11.4 7.4
36 88 107 75 72 156 83 11.9 13.8 10.0 9.4
38 84 102 81 60 153 80 11.6 14.3 11.3 8.2
39 86 98 81 60 1§1 77 12.6 14.1 11.7 8,4
41 88 93 85 58 148 76 13.0 14.0 12.4 8.3
42 75 85 77 55 147 73 11.4 12.9 11.6 8.2
44 73 78 76 54 145 72 11.4 12.2 11.7 8.1
46 70 83 72 49 143 71 10.8 13.2 11.3 7.6 :
47 77 77 65 46 141 70 12.2 12.6 10.2 7.1
49 70 77 66 44TT 139 67 12.0 13.0 10.8 7.1
51 60 72 62 41 ' I37-,: 65 IO.4 12.5 IO.4 6.7 .
52 66 69 59 43 136 66 11.3 12.0 9.8 7.0
54 63 66 56 40 135 63 10.9 11.8 10,0 6.9 :
57 58 58 53 44 133 63 10.1 IO.4 2-5 7.562 42 48 44 32 128 59 7.9 9.0 8.3 6.0
70 42 34 37 32 122 51 9.1 7.4 8.0 7.0
78 28 37 36 29 117 45 7.1 8.9 8.7 7.0
88 26 24 22 19 113 46 6.1 5.8 5-3 4*6
94 22 22 18 16 110 44 5.5 5.5 4.5 4.0
- 1 1 5 -
E x p e r i m e n t  N u m b e r ; 5•2 
1  m . v .  r  1 1 1 0  B.T.U./hr f t 2 R e  «  3 1 3 0 0
00
>
■
3
(1 )
Heat
(m.v.
(2)
Flux 
x 100)
(3) (4)
tg 
(°F)
Mean
tg-ti
(°F)
Heat Transfer 
* Coefficient 
B.T.U./ (hr) (ft2) (op)
(1) (2) (31 (4 )
5 78 62 72 60 203 135 6.3 5.1 6.0 4.9
15 77 68 84 66 190 119 7.2 6.3 7.8 6.3
21 76 74 72 65 181 108 7.8 7.5 7.5 6.7
28 93 83 72 69 172 98 10.5 9.3 8.2 7.7
29 86 65 74 66 170 97 9.8 7.4 8.5 7.5
31 80 78 78 63 167 94 9.5 9.1 9.2 7.4
33 88 88 72 60 I65 93 10.6 10.6 8.7 7.0
I3 92 71 52 163 90 9.3 11.4 8.8 6.3
36 80 95 74 57 160 87 10.4 12.1 9.4 7.1
38 86 95 74 52 158 86 11.4 12.4 9.7 6.5
39 91 94 75 53 156 84 12.2 12.7 9.8 6.8
41 90 88 72 53 154 81 11.9 11,6 9.4 6.8
42 76 90 66 56 152 79 10.7 13.0 9.3 7.7
44 73 85 69 52 149 77 10.7 12.4 9.7 9.7
46 63 68 66 50 147 76 9.2 10.3 9.6 7.1
47 68 77 65 46 I46 76 10.0 11.7 9.4 6.5
49 60 75 62 44 144 74 911 11.7 9.2 6,4
51 55 72 60 38 141 71 8.7 11,8 9.1 5.8
52 56 67 56 40 140 68 9.6 11.3 8.9 6.3
54 54 64 57 39 139 68 8.9 10,6 9.0 6.2
57 58 63 42 39 136 67 9.6 10.8 7.1 6.3
62 42 45 41 30 132 64 7.3 7.9 7.1 ‘5-2
70 40 43 36 34 126 57 7.8 8.5 7.0 6,6
78 36 35 33 28 120 52 7.7 7.3 7.1 5.9
91 28 31 26 23 113 45 6.8 7.6 6.3 5-5
96 28 32 22 24 111 44 7.1 8,1 5.5 6,1
- 116-
Experiment Number: 5*3 
1 m.v* = 1110 B.T.U./hr ft2 Re = 27400
l/L
xlOO
(1)
Heat
(m.v.
(2)
Flux 
x 100)
(3) (4)
tg
(°F)
Mean
tg-tw
(°F)
Heat Transfer
Coefficient 
B.T.U./ (hr) (ft2) (OF)
(1) (2) (3) (4)
5 66 62 67 57 203 133 5*4 5*1 5*7 4.8
15 78 68 75 60 189 117 7.3 6.3 7.2 5.8
21 71 67 74 60 180 107 7.4 6.9 7.7 6.3
28 78 83 64 64 171 99 8V7 9.1 7.2 7.2
29 65 69 67 64 169 98 7.3 7.8 7.6 7.4
31 80 80 64 55 I65 94 9.4 9*4 7.6 6.5
33 73 87 64 64 163 91 9.0 10.5 7.7 7.7
34 78 90 71 55 161 89 9,7 11.2 9.0 6.8
36 64 78 69 43 159 88 . 8.1 9.8 8.7 5*3
38 68 82 70 49 156 83 9.1 11.0 9.4 0.4
39 67 82 77 50 154 •81 9.2 11*3 10.6 6.7
41 68 77 68 49 152 80 9.3 10.8 9.4 6,7
. 42 70 74 66 49 150 78 9.7 10.7 9*5 6.9
44 57 70 62 47 148 76 8.3 IO.4 9.1 6.8
■ 46 65 74 58 40 146 74 9.6 11.3 8.8 5*8
47 56 57 57 43 144 72 8.5 12.1 8.7 6.5
51 53 61 55 40 139 69 8.5 10.0 8.8 6.3
52 59 67 53 40 138 67 9*5 11.4 8.7 6.6
54 53 62 51 38 137 66 8.8 IO.4 8.6 6.3
57 47 46 45 32 133 '64 8.0 8.0 7.9 5*4
62 37 40 35 29 129 60 6.8 7*4 6,4 5*4
70 36 37 35 25 123 54 7.4 7.6 7.4 5*1
78 30 27 23 23 118 51 6.5 6.0 5.1 4*9
86 23 26 26 23 113 45 5*7 6.4 0.4 5*7
91 29 27 27 21 110 43 .7*5 7.0 7.0 5*4
96 26 29 26 21 108 41 7.1 7.9 7.1 5*7
~117r
Experiment Number: 5*4
1 m.v* =1110 B.T.H/hr ft2 Re = 23200
1/L Heat Flux
J
tg Mean! Heat Transfer
xLOO (m'.v. x 100) (°F ) tg-tw Coefficient
a) (2)
(°F) B.T.U./ (hr) (ft2) (o f )
(3) (4) (1) (2) (3) (4)
5 71 55 71 47 23I 162 4.8 3.7 4*9 3.2
15 67 68 64 63 217 I46 5*1 5.1 4*9 4.8
21 74 72 68 62 206 135 6.5 5.8 5.6 5.1
28 94 83 73 67 195 125 8.3 7.3 6.5 6.0
29 86 79 70 63 192 122 7.7 7.1 6.5 5-8
31 93 54 64 59 188 119 8*5 5.1 6.1 5.5
33 83 84 68 54 I85 116 7.9 8.0 6.6 5.1
34 77 96 69 55 182 111 7.6 9.6 6.9 5-5
36 90 109 82 62 179 107 9.3 11.4 8.6 6.3
38 102 104 94 54 176 104 10.8 11.3 .0.1 5.7
39 97 79 84 52 173 100 10.5 8.8 9.5 5.8
41 63 89 75 60 170 95
9.2
7.1 IO.4 8.9 7.0
42 72 89 77 56 167 8.7 10.7 9.4 6,8
44 83 90 72 57 163 88 4-0.4 11.5 9.1 7.2
46 84 81 69 50 : 160 85 11.0 10.7 9.0 6.5
47 70 82 70 45 158 82 9.5 11.1 9.4 6.0
49 75 83 69 45 155 80 10,4 11.5 9.6 6.2
51 71 76 63 44 152 78 10.1 10.8 9.0 6.2
52 63 74 60 48 150 76 9.2 10.8 8.6 6.9
54 63 67 50 48 • 149 76 9.2 9.8 7.4 7.0
57 53 69 49 36 145 72 7.9 10.6 7.7- 5.5
63 41 34 29 26 138 66 6.7 5.6 4.9 4.4
70 30 38 32 28 133 60 5.5 7.0 6.0 5.2
80 32 30 25 26 126 54 6.3 6.1 5-2 5*3
91 29 28 24 20 121 49 6.3 6.3L 5.7 4.7
96
i.
25 30 23 21 119 47
i
5.7 6.8 5.7 5.2
•^118-
Exp erment Numbers 5*5
l . m . v .  s  1 1 1 0  B . T . U . / h r  f t 2  R e  »  20900
l/L 
2d 00
(1)
Heat
(m.v.
(2)
Flux 
x 100)
(3) (4)
tg 
(°F)
Mean
tg-t*
(OF)
Heat Transfer 
r Coefficient 
B . T . U . /  (hr) (ft2) (of)
(l) (2) (3 ) (4)
5 67 63 52 39 223 155 4.7 4.5 3.8 2.8
15 63 66 52 46 209 138 5.0 5-2 4.2 3.8
21 57 62 76 59 198 127 5.° 5*4 6.6 5-2
28 72 63 64 69 187 118 6.7 5.8 6.0 6.5
29 70 59 57 54 I85 117 616 516 514 5.1
31 67 65 59 56 180 112 6.6 6,4 5.8 5.5
33 76 61 56 50 178 110 7.7 6.2 5-7 5-1
34 80 54 47' 175 108 6,0 8.3 5.6 4*7
36 63 70 71 38 172 103 6,8 7.7 7.7 4.0
38 71 77 68 41 169 98 8.0 8.7 7.7 4.5
39 70 75 64 41 167 95 8,1 8.9 7.6 4.7
41 62 71 75 51 164 92 7.6 8.7 9.2 6.0
42 78 63 62 44 162 ‘90 9.7 7.9 7.7 5*4
44 67 68 61 42 159 87 8.5 8.8 7.7 5*3
46 57 67 59 40 157 85 7.5 8.9 7.7 5.2
47 53 67 55 39 155 83 7.2 9.0 7.3 5*2
49 . 46 64 55 38 152 80 6.5 8.9 7.5 5*1
51 50 63 47 39 149 78 .7.1 9.0 6,7 5*5
52 49 59 45 37 1J7 76 7.2 8.7 6,6 5*3
54 47 55 46 34 145 73 7.1 8.5 6.9 5.1
57 48 40 30 142 72 8.7 7.5 6.3 4.6
63 35 37 32 27 135 65 6.0 6.2 5*5 4*6
72 35 28 24 23 127 57 6.7 5.4 4.7 4*5
80 30 29 25 24 121 51 6.4 6.2 . 6 5*2
88 21 26 19 17 117 50 4.7 5.8 4.2 3*8
91 26 25 21 18 115 48 6.0 5.8 4.9 4*2
96 24 28 19 23 112 45 5.9 6.9 4.7 5*7
-119-
Experiment Number; 5*6
1 m.v. s 110 B.T.U./hr ft2 Re « 17400
1/L Heat Flux tg Mean Heat Transfer
xLOO (m.v. x 100) (°F) tg-tw Coefficient
(°F) B.T.U./ (hr) (ft2 ) (OF)
(1 ) (2) (3) (4) (1) (2) (3) (4)
5 69 59 47 45 246 177 4.3 3*7 3.0 2.8
15 66 66 58 62 227 156 4.7 4*7 4.1 4*5
21 64 65 64 62 214 142 5*o 5.0 5.0 4*9
28 67 48 48 51 201 131 5.6 4.0 4.1 4*4
29 59 52 54 61 198 128 5.0 4*5 4*7 5*3
31 67 58 52 56 194 125 5-9 5.2 4* 6 5.0
33 57 60 61 53 191 121 5.3 5*5 5.6 4.8
34 65 62 61 45 189 119 6.1 5.8 5.6 4*2
36 67 71 57 47 I85 115 6.5 6.9 5.6 4*5
38 66 80 68 43 182 111 6.6 8.0 6.9 4*3
39 71 80 62 42 179 107 7.3 8.4 6.5 4*3
41 74 73 60 37 175 103 8.1 7.9 6.5 4.0
42 56 69 64 40 173 101 6.2 7.7 7.1 4*4
44 48 72 56 41 169 98 5.4 8*3 6*3 4.6
46 52 65 54 39 166 94 611 7.8 6.4 4*6
47 54 67 55 40 I64. 92 6.5 8.2 6.7 4.8
49 47 65 51 37 161 88 5*9 8.2 6.4 4.6
51 43 63 50 37 157 84 5*7 8.3 6.6 4.8
52 42 54 47 35 155 82 5*7 7.3 6.4 4*7
54 41 52 46 33 153 80 5-7 7.2 6.4 4*542 50 42 31 149 77 6.1 7.2 6.0 4*4
63 38 31 35 30 141 70 6.1 4*9 5*5 4.8
72 31 34 29 28 132 61 ■5.6 6.2 ■5*4 5*1
80 25 25 27 23 125 55 5*0 5.0 5*3 4.6
86 22 27 20 19 120 51 4.8 5*9 4*3 4.1
91 23 26 22 21 117 48 5.2 5*9 5*1 4*9
96 25 24 21x 23 113 44 6.2 5*9 5*3 5.8 -4-
-120-
Experiment Numbers 5*7
1 m.v. = 1110 B.T.U./hr ft2 Re = 15100
1/L
xLOO
(1 )
Heat
(m.v.
(2)
Flux 
x 100)
(3) (4)
tg
(oF)
Mean I 
tg-tw
pF)
Heat Tranfser
Coefficient 
B.T.U./ (hr) (ft2) (OF) 
(1) (2) (3) (4)
5 61 56 52 257 186 3.6 3.3 3*4 3*1
15 67 65 66 62 233 159 4.7 4*5 4.6 4*3
21 70 59 64 56 217 143 5*5 4*5 4*9 4*3
28 60 59 44 56 203 133 5.0 4*9 3*7 4*7
29 53 54 40 52 200 130 4.5 4»6 3*4 4*4
31 55 55 44 46 197 127 4.8 4.8 3*8 4.0
33 60 51 47 42 193 123 5.4 4o 6 ,4.2 3*8
34 61 76 53 43 190 120 5.6 7*1 4*9 3*9
36 68 77 65 38 187 116 6.4 7.4 6.2 3*6
38 67 63 62 49 183 112 6,6 6.2 6.3 4*8
39 62 7 6 65 38 180 109 6.3 7.9 6.6 3*8
41 51 63 61 43 177 IO5 5.3 6.7 6*5 4*5
42 46 63 58 42 175 103 4*9 6.8 6.3 4*4
44 ' 42 60 50 36 172 100 4.7 6.7 5*6 3*9
46 43 60 44 36 168 97 5.0 6.9 5.0 4.1
47 38 60 43 31 166 94 4.5 7.2 5*0 3*6
49 48 58 42 33 163 91 5-9 7.2 '5.7 3*9
51 44 51 40 30 159 87 5*7 6.6 5.0 3*7
52 39 49 41 32 157 85 5.1 6.4 5*3 4.1
54 44 50 40 29 • 54 82 5.9 6.8 5*5 3*9
57 45 43 39 26 150 79 6.3 6.0 5*5. 3*6
63 36 38 31 29 143 73 5-5 5*8 4*7 4.4
70 33 32 28 28 136 65 5*6 5*5 4.8 4.8
80 27 24 22 22 127 58 5.2 4*5 4.2 4.2
86 21 16 17 15 121 53 4*4 5*4 3*6 53 *1
91 16 18 16 18 116 48 3*7 4*2 3*7 4.2
96 23 17 16 19 113 45 5*7 4*2 3*9 4*7
-121-
Experiment Number: 5*8
1 m.v. « 1110 BTu/hr ft2 Re « 11300
1/L 
x 100
(1)
Heat 
(m.v,)
( '2)
Flux 
x 100
(3) (4)
\ ----
“
--
1
1 
! 
f 
M
o
-P 
^
'
1 
i
Mean
tg-tw
Heat transfer
coefficient 
BTu/hr ft2 oF
(1) (2) (3 ) (4 )
5 65 61 56 34 293 225 3.2 3*o 2.8 1.7
15 72 61 42 32 269 199 4.0 3.1 2*3 1*8
21 (4 58 60 50 251 180 3.9 3*5 3*7 3*1
28 57 50 45 46 235 167 3.8 3*3 3*0 3*1
29 55 54 .64 51 231 I63 3.7 3*7 3*1 3*5
31 54 52 44 46 225 158 3.8 3.7 3*1 3*2
33 47 54 51 44 222 155 3*4 3*9 3*7 3*1
34 68 74 64 45 218 149 510 5*5 4.8 3*3
36 67 7 6 56 43 214 144 5.2 5*9 4*3 3*3
38 61 67 >56 40 208 138 4.9 5*4 4*5 3*2
39 52 79 52 39 203 133 4.3 6.6 4*3 3*241 64 76 .64 34 ■ 199 129 5.5 6,6 5*5 2*9
42 58 58 60 38 196 126 5*1 5*1 5*3 3*3
44 53 60 54 35 191 120 4*9 5.6 5*o 3*2
46 42 61 48 35 188 117 4.0 5*8 4*6 3*3
47 55 58 48 29 I84 113 5*4 5.8 4*7 2,8
49 43 56 45 29 180 109 4.4 5.*8 4*5 2.9
51 38 52 41 30 175 106 '4.0 5*5 4*3 3*1
52 43 47 40 32 172 103 4*6 5*o 4*3 3*5
54 41 •47 40 28 169 100 4.6 5*2 4*4 3*1
57 53 41 35 24 16$. 95 6.3 4.8 4.0 2.7
65 36 32 29 22 151 82 4*9 4*4 3*6 2.7
72 32 26 26 24 144 74 4*9 3*9 3*9 3*6
78
86
25 27 22 26 136 ’68 4.1 4*4 3*5 4*2
89 23 15 18 20 124 57 4.6 2.9 3*5 3*9
96 21 18 18 17 118 50 4*7 3.9 3*9 3*8
r122-
Experiment Number; 5. < {
1 m.v. = 1120 B.T.U./hr ft2 He > 838O
1/L
3d. 00
(1)
Heat
(m.v.
(2)
Flux 
x 100)
(3) (4)
tg 
(°F)
Mean
tg-t-fo
(§F)
Heat Tranfser
Coefficient 
B.T.U./ (hr) (ft2) (OF)
(1) (2) (3 ) (4 )
5 64 53 47 48 358 289 2.4 2.0 1.8 1.8
15 64 62 58 57 324 254 2.8 2.7 2.5
21 63 58 53 57 301 230 3.1 2.8 2.6 2.8
28 68 55 54 64 277 209 3.6 2.9 2.9 3-4
29 63 49 56 57 270 203 3.4 2.7 3.1 3.1
31 63 62 55 57 262 195 3.6 3.5 3.1 3.2
33 62 62 65 56 257 190 3.6 3.6 3.8 3-3
34 49 61 49 37 25O 182 3.0 3.7 3.° 2.2
36 64 68 66 39 245 177 4.0 4*3 4*1 2.4
38 55 75 51 33 238 170 3.6 5.0 3.3 2.1
39 64 70 59 40 233 I65 4*3 4.7 4.0 2,7
41 69 66 60 31 228 160 4.8 4.6 4.2 2.1
42 54 72 56 37 223 156 3.8 5-2 4.0 2.6
44 53 70 52 32 216 148 4.0 5.3 3.9 2.4
46 54 66 47 29 211 142 4.2 5*2 3.7 2.2
47 46 67 49 27 206 137 3.7 5.5 3.9 2.2
49 45 63 46 28 201 133 3.8 5.3 3.8 2.3
51 43 53 40 29 195 127 3.8 4.7 3.5 2.5
52 44 49 38 26 191 123 4.0 4.5 3.4 2.3
54 37 47 37 25 187 120 3.5 4.4 3.4 2.3
57 52 51 36 21 180 112 5.1 5.0 3-6 2.0
. 63 33 29 21 22 168 101 3*6 3.2 3.3 2.3
70 30 28 30 20 157 89 3.7 3.5 .3*8 2.-5
78 27 23 20 21 145 77 3.9 3.3 2.9 3.0
88 21 22 17 22 132 65 3.6 3.8 2.9 3.7
91 17 17 16 15 127 61 3.1 2.9 2.9 2.7
96 22 18 13 ■ 16 23 57 4.3 3.5 2.5 3.1
-1 23-
Bxperiment Number; ^»16
1 m.v. = 1120 B.T.U./hr ft2 Re = 2810
1/L
xlOO
(1)
Heat
(m.v.
(2)
Flux 
x 100)
(3) (4)
tg
(°F)
Mean
tg-tw
(°F)
Heat Transfer
Coefficient 
B.T.U./ (hr) (ft2 ) (°F)
(1) (2) (3 ) (4 )
5 53 23 17 21 283 219 2.7 1.2 0.9 1.1
15 28 20 14 24 235 171 1.8 1.3 0.9 1.6
21 28 20 13 14 205 143 2.2 1.6 1.0 1.1
28 18 10 7 8 185 125 1.6 0.9 0.6 0.7
29 16 13 7 7 181 120 1.5 1.2 0.6 0.7
31 16 13 10 5 175 114 1.6 1.3 1.0 0.5
33 20 20 13 8 171 109 2.1 2.1 1.3 0.8
34 21 18 17 10 166 IO4 2.3 2.0 1.8 1.1
36 15 20 20 10 162 100 1.7 2.3 2.2 1.1
38 19 16 18 4 156 94 2.3 2.9 2.1 0.5
39 16 17 18 9 150 87 2.1 2.2 2.3 1.1
41 13 15 14 5 145 82 1.8 2.0 1.9 0.7
42 16 18 13 7 141 78 2.3 2.6 1.9 1.0
44 11 15 12 8 136 74 1.7 2*3 1.8 1.2
46 13 16 13 7 133 71 2.1 2.6 2.1 1.1
47 11 15 12 7 129 67 1.9 2.5 2.0 1.1
49 12 12 9 7 125 64 2.1 2.1 1.6 1.2
51 8 10 8 7 120 60 1.5 1.9 1.5 1.3
54 8 8 8 8 116 57 1.6 1.6 1.5 1.6
57 13 9 4 4 112 53 2.7 1.9 0.8 0.8
62 9 6 4 6 105 46 2.2 1.5 1.0 1*5
67 5 4 4 6 100 41 1.4 1.1 1.1 1.6
75 4 4 3 4 93 34 1.3 1.3 1.0 1.3
83 3 2 2 2 88 29 1.2 0.8 0.8 0.8
89 2 3 2 3 84 24 0.9 1.4 0.9 1.4
96 3 3 2 2 81 211 1.6 1.6 1.1 1.1
- 1 2 4 -
Sxperiment Humber; 5 »17
1 m.v. = 1120 B.T.U./hr « 2  Re = 1780
l/L
xLOO
(1 )
Heat
(m.v.
(2)
Flux 
x 100)
(3) (4)
-p 
0 Mean
tg-frh
(°F)
Heat Transfer
Coefficient 
B.T.U./ (hr) (ft2) (op)
(1) (2) (3 ) (4 )
5 31 8 13 15 307 244 1.4 0.4 0.6 0.7
15 30 14 15 18 242 181 1.9 0.9 0. 1.1
21 31 10 10 18 206 146 2.4 0,8 0,8 1.4
28 22 8 5 6 177 118 2.1 0.8 0.5 0,6
29 20 10 5 5 170 111 2.0 1.0 0.5 0.5
31 18 14 4 4 162 103 2.0 1.5 0,4 0.4
33 20 17 9 4 156 97 2.3 2.0 1.0 0.5
18 19 10 5 151 93 2.2 2.3 1.2 0.6
36 16 17 11 4 143 85 2.1 2.3 1*4 0.5
38 13 15 11 4 137 79 1.8 2,2 1,6 0.6
39 19 11 12 4 132 74 2*9 1.7 1.8 0,6
41 14 13 12 3 128 70 2.2 2.1 1.9 0.5
42 12 13 7 5 124 66 2.0 2,2 1.2 0.8
. 44 12 12 7 4 119 61 2.2 2.2 1.3 0,7
46 13 11 6 3 114 56 2.6 2.2 1.2 0,6
47 7 9 7 2 111 53 1.5 1.9 1.5 0.4
49 7 9 5 . 4 106 48 1.6 2.1 1.2 0.9
51 6 7 6 5 102 44 1.5 1.8 1*5 1,2
52 7 7 3 3 100 42 1.9 1.9 0.8 0.8
57 - 5 3 2 93 36 - 1.6 . 0.9 0,6
63 4 2 2 2 88 30 1.4 0.7 0,7 0.7
73 3 2 1 2 80 21 1*5 1.0 0,5 1.1
78 2 2 2 2 76 17 1.2 1.2 1*3 1*3
88
91 1 2 11 1 70 11 1.0 2.0 1.0 1.0
96 — 1 1 1 69 10 - 1,1 1.1 1.1
25-
Experiment Numbers 4* 6
1  m . v .  =  1 2 2 4  B . T . U . / h r  f t 2 R e  s  5 2 0 0 0
o
 
t-3 
o
(1 )
B e a t
( m . v .
(2)
Flux 
x 100)
(3) (4)
t g  
( F )
M e a n  | 
t g - t w
t f )
H e a t  T r a n s f e r
C o e f f i c i e n t  
B . T . U . /  ( h r )  ( f t ^ )  (°F)
(1 ) (2) (3) (4)
5 102 104 92 99 200 121 10,2 10.6 9.4 10.0
16 103 121 105 101 187 103 12.5 14-3 12.4 11.9
22 115 98 96 94 180 96 I4.8 12.4 12.0 12.0
29 86 75 63 74 174 96 11.1 9.6 8.1 9.4
30 104 79 78 73 173 93 14.0 10.4 10.2 9.6
32 86 83 78 83 171 89 12.0 11.3 10.6 11.4
34 89 96 87 77 169 86 12.8 13.5 12.2 10.8
35 91 105 95 77 168 85 13.3 15.O 13-4 11.1
37 102 107 100 72 166 83 lb. 2 15.8 14.9 10,5
39 102 118 113 76 165 81 15.4 17.9 17.0 11,2
40 92 128 110 81 163 78 14.6 20.1 17.1 12.4
,42 107 128 115 83 161 76 17.5 21.2 18.5 13.0
44 91 128 117 78 159 73 15.7 21.8 19.4 12.6
45 94 125 108 75 157 72 16.2 21.6 18.1 12.6
47 86 113 103 71 155 70 15*3 20.4 17.8 12.2 .
49 84 107 96 130 153 68 15*6 19.6 17.0 22.7
51 P 107 94 122 151 67 14.1 20.1 16.9 21.6
52 84 106 94 71 149 65 15*7 20.2 17.4 13.0
56 51 70 62 45 146 65 9.6 13.2 11.5 8.3
61 54 52 54 5? 143 64 10.3 10,1 10.3 9.866 45 60 62 56 139 58 9,3 12.7 13.3- 12.0
72 42 62 60 58 136 54 9.7 14.3 13.4 12.9
77 37 55 ' 52 50 133 50 9,4 13.5 12.2 11.8
82 40 43 52 46; 131 4 6 11,1 11,4 13,5 12.2
87 34 50 53 45 129 1 46 9.5 13-3 13.2 12.0
-1 26-
Experiment Number: 4*7
1 m.v. = 1224 B.T.U./hr ft2 Re =r 46100
i/i Heat Flux
... ,T
tg Kean i Heat Transfer
xlOO (m.v. x 100) (°F) tg-tw Coefficient
(°F) B.T.U./ (hr) (ft2) (O-F)
(1 ) (2) (3) (4) • (1) (2) (3) (4)
5 103 110 91 93 209 132 9.8 Lo,3 8.4 8.5
16 93 107 P6 79 195 113 10.3 11.5 9.2 7.4
22 118 104 88 98 : 189 107 13.8 11.8 9.9 10.2
29 95 66 65 78 ; 182 105 11*3 9.7 7.4 9.1
30 94 75 77 72 181 104 11*4 8.8 8.9 8.3
32 98 89 87 80 178 100 10.9 10.9 10.6 9.8 .
34 110 95 94 72 177 - 98 13.6 11.9 10.6 9.0
35 106 109 102 60 175 94 ' 13.8 34.5 13.3 7.8
37 106 115 111 68 173 91 14.4 15.6 15.0 9.1
39 98 122 108 77 171 88 14.0 17.2 14.8 10.6
40 95 122 122 83 :169 85 14.0 18.0 17.2 11.6
42 90 121 112 78 167 83 13.6 18.3 16.3 11.2
44 88 119 110 78 165 81 13.3 18.3 I6.4 11.5
46 85 109 96 68 ;163 ’ 80 13.2 16.9 14.5 10.2
47 80 110 P7 62 161 78 : 12.7 17.5 15.0 9.5
49 74 104 92 63 159 77 11.9 16.8 14.4 9.9
51 75 103 88 103 157 75 12.4 17.0 14.2 17.2
56 47 64 60 57 152 75 7.9 10.6 9.8 9,2
62 §4 58 60 47 147 70 9.5 IO.4 10,4 8.1
'71 40 62 54 49 142 61 8.2 12,2 10.7 9.7
79 53 57 52 48 138 58 11.4 12.0 11.0 10.1
91 26 46 54 45 130 50 '6*6 11.3 •13.0 11.0
98 28 48 44 44 126 45 7.8 14.0 11.5 11.5
-1 27-
Experiment Numbers 4*9
1 m.v. = 1224 B.T.U./hr ft2 Re = 3460°
i/L
xlOO
(1)
Heat
(m.v.
(2)
flux 
x 100
(3) (4)
tg
(°F),
Mean
tg-tlAl
(°F)
Heat Transfer
Coefficient 
B.T.U./ (hr) (ft2 ) (°F)
(1 ) (2) (3 ) (4 )
5 100 94 90 83 236 156 8.0 7.4 7.0 6-5
16 85 110 95 84 .219 135 7.8 10.0 8.6 7.6
22 : 90 97 84 85 210 127 8.8 9.3 8.0 8.1
29 85 67 58 .64 203 . 126 8.4 6.5 5.6 6.2
30 87 79 78 64 201 122 9.0 8.0 7.7 6,4
32 80 88 78 69 198 117 8.4 9.1 8.0 7.3 '
34 97 95 104 69 196 U5 .• IO.4 10.1 11.6 7.4
35 100 99 86 69 194 114 10.9 10.6 9.2 7.3
37 100 103 88 65 191 110 11.2 11.7 9.6 7.1
39 102 110 90 67 188 IO5 12.2 13.1 IO.4 7.6
40 104 123 95 69 186 101 12.9 15.1 11.4 8.1
42 96 126 95 68 183 : 98 12.2 15*9 11.8 8.3
44 90 126 95 68 181 98 11.4 16.1 11.8 8.3
46 90 120 95 67 178 95 : 11.7 15.8 12.1 815
47 84 110 90 60 176 93 11.3 14.6 11.7 7.7
49 : 80 IO5 84 59 174 91 11.0 14.3 11.2 7.8
51 70 101 78 72 171 89 9.9 14.2 10.6 9.7
52 . 65 96 74 69 170 89 9.1 13.5 10.1 9.4
56 63 60 58 39 166 89 8.8 8.3 7.9 5.3
6l 57 53 49 45 161 85 8.3 7.6 7.0 6.4
71 36 61 52 49 152 72 6.2 IO.4 8.7 8.3
79 45 56 44 41 146 66 8.5 10.3 8.4 8.6
86 31 46 43 43 141 61 6.4 9.2 8.4 8.6
91 25 50 41 39 138 59 5.3 IO.4 8.4 8.1
98 29 473 36 37 133 53 6.7 10.9 8.0 8.6
-1  2 8 -
Experiment Number 4-bO.
Im.v. = 1224 B. T.U./hr.ft2. Re. « 33380
o
H-l O
(1)
Heat Flux 
(m.v. x 100)
(2) (3) (4)
■fcg
(°F)
Heat Transfer 
Mean; Coefficient 
tg-tw B.T.U./(hr.)(ft*)( F)
( F)I (1) (2) (3) (4)
5 65 57 64 64 191 120 6.7 5.9 6.5 6.5
16 62 67 65 64 178 103 7.4 8.0 7.7 7.6
22 66 60 62 57 170 95 8.8 7*7 7.7 7.3
29 68 55 50 56 163 93 9.1 7.3 6.6 7.4
30 65 52 43 47 161 91 8.8 7.0 5.8 6.3
32 55 40 38 43 159 88 7.6 5.6 5.3 6.0
34 55 58 46 36 158 86 7.7 8.3 6.5 5.1
33 50 45 33 31 157 87 7.0 6.3 4.6 4*3
37 54 48 55 31 155 84 7.9 7.1 8.0 4.4
39 48 50 56 37 154 82 7-2 7.6 8.3 5.5
40 48 53 47 40 153 79 7.3 8.4 7*2 6.0
42 75 82 78 54 151 75 12.1 13.7 12.7 8.5
44 65 77 82 54 149 73 10.9 13.1 13.7 8.7
46 65 78 74 50 147 70 11.2 14.0 12.7 8.5
47 63 79 67 47 145 69 11.2 14.4 11.7 8.0
49 57 72 77 55 143 68 10.4 13.I 13.8 9*7
51 50 71 58 55 141 67 9.3 13.1 10.6 9*9
52 41 70 67 49 140 65 7*7 13.4 12.4 9*1
56 32 37 36 26 137 68 5.8 6.7 6.8 4*7
61 36 37 25 30 133 64 6.9 7.2 4.9 5*6
69 33 42 37 39 128 56 7.2 9.3 8,1 8.4
79 30 38 32 32 122 50 7.3 9.5 7.8 7*7
86 27 30 32 25 118 46 7.2 8.0 8.3 6.5
91 30 27 32 30 116 44 8.5 7.5 9.1 '8.2
98 29 31 27 29 112 39 9.1 9.7 8.5 9*1
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Experiment Number 4*12
l m . v .  =  1 1 1 0  B . T . U . / h r . f t 2 . R e .  =  3 0 6 0 0
l/L
xlOO
(1)
Heat
(m.v.
(2)
Flux 
x 100)
(3) (4)
tg
(°F)
Mean 
tg-fw 
( F)
Heat Transfer
Coefficient 
B.T,U./(hr.)(ft )(°F)
(1) (2) (3) (4)
5 73 73 67 72 191 117 6.9 6.9 6.3 6.8
16 60 71 62 73 177 98 6.9 8.0 6.8 8.3
22 64 65 79 75 170 91 8.0 7.9 9.5 9.2
29 51 45 61 57 I63 87 6.5. 5.7 7.6 7.3
30 72 55 59 56 162 85 9.5 7.1 7.5 7.4
32 67 62 67 55 160 85 8.9 8.1 8.7 7.2
34 68 63 63 52 158 82 9.1 8.6 8.4 7.0
35 69 66 67 47 157 80 9.7 9.4 9.1 6.4
37 63 69 59 47 155 78 9.2 10.1 8.2 6.5
39 66 72 73 55 153 76 9.8 10.8 10.5 7.9
40 66 74 76 52 151 73 10.2 11.4 11.4 7.6
42 61 72 74 52 149 72 916 11.6 11.3 7.8
44 54 71 77 54 148 71 8.6 11.4 12.0 8.2
46 57 69 74 48 145 68 9.4 11.6 11.7 7.7
47 50 67 68 45 143 67 8.6 11.4 11.0 7.2
49 51 59 61 41 141 65 8.9 ao.4 10.1 6.8
51 44 58 62 40 140 64 7.8 10.4 10.6 6.8
52 43 54 53 40 134 64 7.7 9.7 9.2 6.9
56 33 33 31 25 136 65 5.6 5.6 5.3 4.2
61 30 31 28 23 133 62 5.4 5.6 4.9 4.1
69 33 32 30 28 129 58 6.3 6.2 5.7 5.4
77 32 32 36 29 125 51 7.0 7.0 7.7 6.2
86 29 27 27 25 121 48 6.7 6.2 6.2 5.8
91 24 28 22 25 118 45 5.9 6.9 5.4 6.0
98 24 27 20 20 115 42 6.3 7.1 5.3 5.3
-130-
Experiment Number 4*19
l m . v .  =  1 1 1 0  B . T . U . / h r . f t 2 . R e .  =  2 5 5 0 0
1/ L  
x l O O
(1)
H e a t  F l u x  
( m . v .  x  100)
(2) (5) (4)
.
i*
i
( ° F )
M e a n
t g - t ^
( ® F )
H e a t  T r a n s f e r
C o e f f i c i e n t  
B . T . U . / ( h r . ) ( f t  )( F )
(1) (2) (3) (4)
5 70 65 69 63 211 140 5*6 5.2 5*4 5*0
16 73 76 72 73 195 120 6.7 6.4 6.7 6.7
22 74 68 75 74 186 113 7.4 6*7 7.4 7*2
29 66 64 79 69 177 104 7.0 6.8 8.5 7*4
30 77 67 74 70 175 101 8.4 7.4 8 . 1 7*7
32 75 64 66 64 172 99 8.5 7*2 7.4 7*1
34 68 73 65 59 169 96 7*9 8.4 • 7*4 6.7
35 70 76 69 51 167 95 8.1 9.0 8.2 5*9
37 68 67 69 51 165 91 8.2 8.1 8*5 6.2
39 80 81 79 49 163 89 9*9 10.1 10.1 7*4
40 70 82 78 49 161 87 8.8 10.6 10.1 6.2
42 76 78 75 57 158 83 9.9 10,4 10.1 7*6
44 72 77 75 51 156 81 9.7 10.4 10,4 6.9
46 64 75 74 52 153 79 8*9 10.5 10.4 7*2
47 57 73 55 48 151 78 8,2 10.5 7*9 6*7
49 54 68 6 1 47 149 76 7*9 9.9 8.9 6.7
51 52 64 58 43 146 73 8.0 9.7 8.8 6.4
52 42 57 57 38 145 73 6.6 8.6 8.6 5*7
56 43 51 48 38 142 73 6.5 7.8 7*4 5.8
6l 35 39 32 29 138 70 5.5 6.2 5*1 4.6
69 43 34 37 35 132 61 7*8 6*3 6.6 6.3
82 28 23 24 21 123 55 5.7 4* 6 4.8' 4.2
91 27 23 18 19 118 50 6.0 5.1 4.0 4.2
96 26 26 26 18 116 48 6.0 6.0 6.0 4*2
-131
Experiment Number 4*18
I m . v .  =  1 1 1 0  B . T . U . / h r . f t 2 . R e .  =  2 1 3 0 0
oo1—
I
(1)
H e a t
( m . v .
(2)
F l u x  
x 100) 
(3) (4)
(°P)
'
M e a n
t g - t w
(§ F )
H e a t  T r a n s f e r
C o e f f  i c  i e n t  
B . T . U . / ( h r .  ) ( f t  ) ( ° F )
(1) (2) (3) (4)
5 70 50 56 60 226 155 5.1 3.6 4.0 4*3
16 78 74 73 64 208 130 6.. 7 6.4 6.1 5*5
22 61 70 71 78 197 120 5.7 6.5 6.5 7*1
29 53 63 66 57 187 115 5.1 6.1 6.4 5.6
30 72 57 57 57 185 111 7.2 5.7 5.7 5*7
32 72 60 64 55 182 108 7.5 6*1 6.5 5*7
34 68 70 66 50 179 105 7.2 7.4 6.9 5*3
35 68 70 69 51 177 103 7.4 7.6 7.4 5*5
37 71 74 65 48 174 100 7.9 8.3 7.2 5*3
39 69 74 67 48 171 97 8.0 8.5 7..7 5*4
40 70 76 71 52 169 95 8.1 8.9 8.3 6.0
42 61 81 67 49 166 92 7.5 7.9 8.1 .5.9
44 52 78 72 52 164 90 6.4 9.6 8.5 6.4
46 55 71 64 45 161 88 6.9 9.0 8.1 5*6
47 53 68 64 44 159 87 6.8 8.8 8.2 5*6
49 48 67 59 43 157 84 6.3 8.8 7*8 5.6
51 46 64 55 42 154 83 6.1 8.0 7*4 5*6
52 38 56 54 37 153 82 5.1 7.6 7.3 5*0
56 40 43 37 31 149 80 5.6 6.0 5*1 4*2
61 35 40 32 27 245 77 5.0 5.8 4*6 3*9
69 40 40 40 29 138 66 6.6 6.7 6.8 4*9
82 27 22 22 21 128 60 5.0 4.1 4*1 3*9
91 27 22 26 21 123 55 5.4 4.4 5.2 4.2
9 6 27
--
25 27 21 120 52 5.8 5.3 5*8 4*5
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Exp erime nt Number 4*17
I m . v .  «  1 1 1 0  B . T . U . / h r . f t 2 R e .  .=* 2 0 6 0 0
( /L
x l O O
(1)
H e a t
( m . v .
(2)
F l u x  
x  100)
(3) (4)
t g
( ° F )
M e a n
w
H e a t  T r a n s f e r
C o e f f i c i e n t  
B . T . U . / ( h r .  ) ( f t  ) ( ° F )
(1) (2) (3) (4)
5 57 50 54 64 216 142 4.5 3.4 4.2 5*0
16 62 70 69 68 199 121 5.8 6.5 6,2 6.1
22 61 60 55 55 189 112 6.1 6.0 5.4 5*4
29 47 48 49 52 181 110 4.7 4.8 4.9 5*2
30 58 60 54 6 0 . 179 105 6.1 6.4 5*7 6.4
•32 60 63 60 53 176 102 6.6 5.9 6.5 5*8
34 56 62 63 53 173 99 6.3 7.1 7*0 5*9
1 35 . 50 60 63 48 171 96 5.8 6.9 7*3 5*5
37 63 63 64 43 169 93 7.4 7.7 7*6 5*0
39 59 67 62 44 167 90 7.4 8.4 7*5 5*3 :
40 62 68 63 43 165 87 7.9 8.8 8.0 5*3
42 57 71 64 45 162 84 7.6 9.4 8.5 5*7
44 59 68 63 42 160 83 8.0 9-2 8*3 5*5
46 57 64 59 37 . 157 82 7.7 8.7 8.0 4*9
47 43 62 57 39 155 82 5.8 8.6 7*7 5*2
49 50 58 49 40 153 81 6.9 8.2 6.6 5*4 ,
' 51 42 57 52 36 151 79 6,1 8.2 7*1 5*0
52 44 57 50 39 150 78 6.3 8.2 7*0 5*5
56 39 37 38 28 146 75 5.8 5-5 5*6 4*1
6l 30 33 32 24 141 71 4.7 5.2 5*1 3*7
'69 30 39 30 31 135 65 5.1 6.8 5*1 5*3
77 26 31 31 26 129 59 4.9 4.9 5*7 4.8
86 21 21 21 20 124 55 4.2 4.2 4*2 4*0
91 19 18 17 18 122 53 4.0 3.8 3*6 3*8
96 25
j-... .
2 0 23 22 119 50 5.6 4*4 5*1 4*9
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Experiment Number 4• 16
l m . v .  =  1 1 1 0  B . T . I J . / h r , f t 2 . R e .  =  1 8 4 0 0
i/L
xlOO
(1)
H e a t
( m . v .
(2)
Flux 
x 100)
(5) (4)
t g
( ° F )
M e a n
t g - t i
(®F)
H e a t  T r a n s f e r
C o e f f i c i e n t  
/ B . T . U . / ( h r . ) ( f t  ) ( ° F )
(l) (2) (5) (4)
5 60 67 59 58 228 160 4.2 4« 6 4.1 4.0
16 60 59 60 59 209 136 4-9 4.7 4.9 4*9
22 60' 55 61 57 198 125 5.4 4*7 5.5 5.1
29 45 55 49 44 189 114 4.5 3.4 4.7 4.5
50 65 57 58 ■ 47 187 112 6.6 5.2 5.7 4-7
52 58 55 55 55 184 110 5.8 5.5 5.5 5.2
54 54 54 57 45 182 111 5.4 5.4 5.7 4.4
55 54 59 60 4.4 180 109 5.5 6.1 6.1 4.4
57 55 61 58 42 176 105 5.9 6.6 6.2 4.4
59 65 66 62 44 174 101 6.9 7.3 6.8 4.7
■ 40 57 64 59 42 172 99 6.5 7.2 6,6 4.7
■ 42 56 66 57 45 169 96 6.5 7.6 6.6 5.1
44 55 66 65 47 167 95 6.3 7.8 7.4 5.4
46 48 65 58 45 163 91 5.9 7.7 7.1 5.1
47 45 61 58 41 161 89 5.6 7.4 7.5 5.1
, 49 41 55 55 57 159 88 5.3 7.0 6.5 4.6
51 41 54 47 56 157 86 5.4 7.0 6.0 4* 6
52 56 52 48 55 155 85 4.8 6.9 6.2 4.5
56 50 55 56 25 151 82 4.0 4* 4 4.8 5.5
61 28 55 51 26 147 79 5.9 4* 6 4.4 5.7
72 28 51 54 26 138 68 4.6 5.1 5.6 4.2
79 25 25 28 25 152 62 4.2 4.5 5.0 4.5
87 25 28 25 17 126 60 4.5 5.2 4.7 5.1
91 18 22 24 22 124 57 5.4 4.5 4*7 4-5
96 25
i-----
24 20 19 121 55 4.8 4.9 4.1 4.0
~1 3k-r
Experiment Number 4«15
l m . v .  =  1 1 1 0  B . T . I J . / h r . f t 2 . R e .  =  1 5 6 0 0
l/L
x l O O
(1)
H e a t
(m.v.
(2)
F l u x  
x  100)
(3)
i
\
i
(4)
I
I
t g
(°F)
M e a n
t g - t i
(®F)
H e a t
* B . T . '  
(1)
T r a n s f e r
C o e f f i c i e n t  
r r . / ( h r . ) ( f t  ) ( ° F )  
(2) (3) (4)
5 65 54 .54 55 246 174 4.1 3.5 3.4 3.6
16 62 63 60 61 224 146 4.8 4.8 4.5 4-6
22 57 66 6 7 65 210 133 ■4-9 5.5 5.5 5.4
29 60 55 55 60 198 122 5.4 5.1 4-9 5.4
30 53 55 60 53 195 120 4.9 5.2 5.5 4.9
32 61 59 62 45 191 116 5.9 5.7 5.9 •4.2
34 59 51 60 43 189 116 5.7 5.0 5.6 4.0
35 62 58 59 42 186 112 6.2 5.8 5.8 4.1
37 48 53 42 30 I83 109 4.9 5.5 4.3 3.0
39 63 55 53 40 181 106 6.6 5.9 5.5 .4.1-
4P 49 47 41 35 178 102 5.3 5.2 4.4 3.7
42 51 47 52 33 175 98 5.8 5.4 5.8 3*6
44 46 60 60 33 173 96 5.4 7.1 6.9 4.2
4 6 42 61 56 36 170 93 5.1 7.4 6.5 4.2
47 . 42 57 52 32 168 91 5.2 7.0 6.2 3.8
49 32 52 48 . 35 165 89 4.1 6.6 5.9 4*3
51 31 48 47 33 I63 87 4.0 6.2 5.9 4.2
52. 36 47 47 321 161 85 3.8 6.1 6.1 4.1
56 27 32 30 22 157 85 3.5 4.2 ■3*9 2.8
61 29 29 27 22 152 79 4.1 4.1 3.8 3*1
69 30 30 31 28 145 69 4.8 4.8 4.9 4.4
74 33 29 28 26 140 64 5.8 5.0 4.8 4.4
87 23 24 29 18 128 53 ! 4.9 5*0 6.0 3.8
91 16 21 22 20 125 51 1 3-6 4.7 4*7 4.4
98 17 20 18 17 122 48 1 4.0 
1
----------------1 ------------------
4.6 4.2 3*9
~135~
E x p e r i m e n t  N u m b e r ; 4 * 1 4  
1  m . v .  «  1 1 1 0  B . T . U . / h r  f t 2 R e  =  1 3 8 0 0
fyl
x l O O
(1 )
Heat
( m . v ,
(2)-
F l u x  
x 100)
(3) (4)
tg
(°F)
M e a n  i 
tg-tw 
( ° F )
Heat Transfer
Coefficient 
B.T.U./ (hr) (ft2) (of) 
(1 ) (2) (3) ( (4)
5 62 53 43 45 241 171 4.0 3.5 2.8 2.9
16 60 60 51 56 219 144 4-7 4.6 3*9 4*3
22 55 58 67 53 206 133 4.7 4*9 5*5 4*4
29 42 36 33 33 195 12.7 3.7 3.1 2.9 2.9
30 40 46 43 37 193 124 3.6 4.2 3*7 3*3
32 47 48 42 39 190 121 4*4 4-5 3*8 3*5
34 51 47 47 36 18? 115 5.0 4.6 4*5 3*4
35 57 47 52 37 I84 113 5-7 4*7 5.0 3*5
37 50 52 52 36 181 110 5.2 5*5 5.1 3*5
39 55 60 57 38 178 105 5.9 6.4 5*4 4.0
40 53 61 55 41 175 103 5*9 6.7 5*8 4*4
42 45 61 57 41 172 100 5.2 6,6 6.4 4*5
44 43 61 51 38 169 96 5.0 7.1 5.9 4*4
46 44 56 52 37 166 93 5-3 6.8 6.1 4*4
47 41 54 51 32 163 91 5.1 6.7 6.2 3*9
49 34 51 46 31 161 88 4.3 6.4 5*7 3*8
51 29 46 43 31 157 84 3.P 6.1 5*6 4.0
24 42 41. 29 156 84 3.2 5.6 5*4 3*8
56 24 28 271 19 152 83 3.2 3*7 3*6 2*5
61 25 22 23 20 147 78 3.6 3*1 ■3.3 2.8
69 25 31 32 . 26 139 68 4.1 5*1 5*1 4*2
77 22 25 22 23 133 62 3.9 4*5 3*9 4*1
86 17 21 18 18 126 56 3.4 ,4*2 3*5 3*5
91 18 19 20 18 122 52 3.8 4.1 4*3 3*8
96 18 21 17 17 118 48 4.2 4*9 3*9 3*9 |
- 1 3 6 -
Sixperiment N'jiribers 4-13
1 m.v. = 1110 B.T.U./hr ft2 Re = 10800
o
 
1^ o
(!)
Heat
(m.v.
(2)
Flux 
x 100)
(3) (4)
■kg
(°F)
Mean
tg-tw
(°F)
Heat Transfer
Coefficient 
B.T.U./ (hr) (ft2) (o f )
(1) (2) (3 ) (4 )
5 67 58 50 4 8  ! 282 211 3.5 3.1 2. 6 2*5
16 60 62 64 54 25O 174 3.9 3*9 4*1 3*4
22 57 61 5 P 58 232 I58 4.0 4*3 4.1 4.1
29 46 47 62 43 218 .146 3.5 3*5 4*7 3.3
30 45 49 64 48 215 143 3.5 3*8 4*9 3*8
32 58 49 46 40 : 210 141 4.5 3*9 3*6 3*1
34 60 57 48 39 208 138 4.8 4.6 3*8 3*1
35 56 57 48 39 203 133 4.7 4.8 4.0 3*2
37 53 58 52 41 ■198 128 4.6 5*1 4*5 3*5
39 53 63 53 40 1:195 .. 124 4*7 5.6 4*7 3*6
40 46 57 57 35 191 120 4.2 5*3 5*2 3*2
42 52 58 52 35 186 116 5*0 3.6 5*o 3-3
44 53 53 54 31 183 112 5*3 5*3 5*4 3-0
46 51 52 52 36 178 108 5.2 5*4 5*3 3*7
47 51 52 49 29 176 106 5*4 5.6 5-1 3*0
49 40 47 44 31 173 103 4*3 5*2 4*7 3*3 :
51 40 48 43 33 169 99 4*5 5*4 4*7 3*6
52 39 43 39 33 168 * 99 4*4 4*9 4*3 3*7
56 29 31 40 25 162 93 3*5 3*7 4.8 3*0
61 28 28 21 19 154 86 3*3 3*3 2*5 2.2
69 23 25 25 19 147 78 2,9 3*2 3*2 . 2*5 .
77 22 23 21 17 138 69 3*2 3*4 3*1 2*5
82 20 18 13 15 134 67 3*o 2.7 2.0 2.3
89 14 14 13 12 129 62 2.3 2.3 2.1 2.0
96 19 17 17 16 125 57. 3*3 3*0 3*o 2.8
-137-
Experiment Number; 4*4
1 m.v. * 1224 B.T.U./hr ft2 Re « 558O
0
1-3 
0
(1)
Heat
(m.v.
(2)
Flux 
x 100)
(3) (4)
tg
(°F)
Mean
tg-tw
(°F)
Heat Transfer
Coefficient 
B.T.U./ (hr) (ft2) (°F)
(1) (2) (3 ) (4 )
, 5 33 16 16 18 219 I48 2.8 1.3 1.3 1.5
16 14 25 22 18 . 195 123 2*4. 2.5 2.2 1.8
22 22 15 18 21 181 108 • 2.5 1.7 2.0 2.4 .
29 15 9 11 12 172 101 1.8 1.1 1*3 1*5
30 15 9 11 12 170 99 1.9 1.1 1.4 1.5 '
32 17 11 18 13 166 95 2.2 1.4 2.3 1.7
34 18 19 20 9 163 91 2.4 2.6 2,7 1.2
35 17 21' 22 12 161 89 2.4 2.9 3.0 1 .6
37 17 21 24 11 157 85 2.5 3.1 3*4 1 .6
39 16 25 20 13 153 80 2.4 3.8 3.1 1.9
40 22 20 22 11 151 78 3.5 3*1 3.5 1.7
42 21 21 24 13 148 75 3.4 3*4 3*9 2.1
44 15 21 19 12 146 74 2.5 3.5 3*1 2,0
4 6 12 20 19 11 143 71 2.1 3*5 3.3 1.9
47 11 19 19 9 140 68 2.0 3.5 3.4 3*4
49 12 17 15 9 138 66 2.2 3*1 2.7 1 .6
51 10 13 13 10 135 63 1.9 2-5 2-5 1.9
52 8 13 11 9 133 61 1 .6 2.6 2.2 1.8
56 9 8 9 7 : 129 59 1.9 1.7 1.9 1-5
61 9 8 9 6 125 55 2.0 1.8 2.0 1.3
71 10 6 8 8 116 45 2.7 1 ,6 2.2 2.2
77 7 8 - 9 8 111 40 2.1 2.4 2.8 2.4
86 7 6 7 7 105 34 2.5 2.2 2.5 2.5
91 5 5 7 7 101 30 2.0 2.9 2.9 2,9
96 6 6 7 7 98 27
_________
2.7 2.7 3.2 3.2
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Experiment Number: 4*5 
1 m.v. = 1224 B.T.U./hr ft2 Re = 3490
i/L
xlOO
(1)
Heat
(m.v.
(2)
Flux 
x 100)
(3) (4)
tg 
(°F)
Mean j 
tg-tw 
(°F)
Heat Transfer
Coefficient 
B.T.U./ (hr) (ft2 ) (°F)
(1 ) (2) (3 ) (4 )
5 42 16 16 19 267 199 2.6 1.0 1.0 1.2
16 41 18 18 16 228 158 3.2 1.4 1.4 1.2
: 22 26 20 12 13 208 139 2.3 1.8 1.1 1.1
29 22 11 8 8 ■: 193 126 2.2 1.1 0.8 0.8
30 20 9 8 9 190 123 2.0 0.9 0.8 0.9
32 22 9 8 9 I85 117 2«3 0.9 0.8 0.9
34 26 20 17 8 180 112 2.8 2.2 1.8 0.9
35 29 25 16 9 178 110 ■3.2 2.8 1.8 1.0
37 28 23 20 10 172 IO4 3.3 2.7 2.4 1.2
39 .. 26 24 21 7 167 98 3.3 3.0 2.6 0,9
40 22 26 21 11 163 94 2.9 3*4 2.7 1*4
42 16 26 22 7 158 89 2.2 3.6 3.0 1.0
:• 44 24 24 21 8 153 85 ■3.5 3.5 3.0 1.2
46 19 22 21 7 149 81 2.9 3.3 3.2 1.0 ;
. 47 17 16 18 10 145 77 2.7 2-5 2.8 1,6
49 14 20 13 8 141 73 2.4 3*4 2.1 1.3 :
: 51 13 ' 13 12 7 137 70 2.3 2.3 2.1 1.2
52 9 12 10 7 134 67 1.6 1.2 1.8 1.3
56 7 6 6 3 130 63 1.4 1.2 1.2 0.6
61 8 5 3 4 125 58 1.7 1.1 0.6 0.8
72 6 6. 4 4 114 : 47 1.6 1.6 1.0 1.0
77 5 5 3 3 110 43 1.4 1.4 C 9 0.9
87 5 5 3 3 104 37 1.7 1.7 1.0 1.0
• 98 4 4 3 8 98 31 1.6 1.6 1.2 3.2
i
-1 3 9 -
Exp er ime nt Number 4*3
Im.v. = 1224 B.T.U./hr.ft2. Re. - 248O
I/l
xlOO
(l)
Heat
(m.v.
(2)
Flux 
x 100) 
(3) (4) i
-PO
! 1 _ 
~
i ' 
'■ c+
 
£§!
! 1__
£ 
-
Heat
B.T.
(1)
Transfer
Coefficient 
U. /(hr.)(ft)(°F) 
(2) (3) (4)
5 60 26 21 21 299 226 3.3 1.4 1.1 1.1
16 30 16 16 16 240 168 2.2 1.2 1.2 1.2
22 25 16 12 12 215 143 2.2 1.4 1.0 1.0
29 23 10 9 10 195 125 2.3 1.0 0.9 1.0
30 19 10 9 10 191 121 1.9 1.0 0.9 1.0
32 20 13 9 6 185 115 2.1 1.4 1.0 0.6
34 22 20 17 7 180 110 2.5 2.2 1.9 0.8
35 24 22 20 7 175 104 2.8 2.6 2.4 0,8
37 18 22 21 7 168 97 2.3 2.8 2.7 0.9
39 20 23 20 7 162 91 2.7 3.1 2.7 0.9
40 15 20 20 7 155 84 2.2 2.9 2.9 1.0
42 14 19 19 7 151 80 2,1 2.9 2.9 1.1
44 16 17 16 7 148 77 2.5 2.7 2.5 1.1
46 13 17 15 6 141 70 2.5 3.1 2.6 1.0
47 12 16 13 4 139 63 2.2 2.9 2.3 0.7
49 13 '14 11 4 134 63 2.5 2.7 2.2 0.8
51 12 10 9 6 128 57 2.6 2.1 2.0 1.3
52 9 9 7 4 125 54 2.0 2.0 1.6 0.9
56 7 4 3 3 121 50 1.7 1.0 0.7 0.7
61 6 3 2 6 117 46 1.6 0.8 0,6 1.6
71 6 4 3 3 108 36 2.1 1.4 1.0 1.0
79 3 3 2 3 101 28 1.3 1.3 0.9 1.3
91 3 3 3 2 92 “■ 49 1.9 1.8 1.8 1.3
98 3 3 2 2 90 20 1.8 1.8 1.2 1.2
- 1 4 0 -
Experiment Humber 4*2
Im.v. = 1224 B.T.U./hr.ft2. Re. = 1530
xlOO
(1)
Heat 
(m. y .
(2)
Flux 
x 100) 
(3) (4)
tg
(°F)
Mean|
tg-tvi
(8F)
Heat Transfer
Coefficient 
B,T.U./(hr.)(ft )(°F) 
(1) (2) (3) (4)
5 68 29 20 27 355 276 3.1 1.3 0.9 1.2
16 40 18 16 17 253 176 2.8 1.3 1.1 1.2
22 32 13 10 13 210 137 2.9 1.2 0.9 1.2
29 19 7 6 7 183 112 2.1 0.8 0.7 0.8
30 18 6 3 7 177 105 2.1 0*7 0.3 0.8
32 18 8 9 4 169 98 2.2 1.0 1.0 0.5
34 19 12 11 4 162 91 2.6 1.6 1.5 0.5
35 19 16 15 6 157 85 2.8 2.3 2.2 0.8
37 20 17 16 4 150 80 3.1 2.6 2.4 0.6
39 15 17 16 4 143 72 2.5 2.9 2.8 0.7
40 13 J 15 10 3 138 67 2.4 2,7 1.3 0.5
42 11 12 12 4 130 57 2.3 2.6 2.5 0.9
44 10 10 9 3 125 54 2*3 2.3 2.0 0.7
4 6 12 10 7 3 119 48 3.1 2.5 1.8 0.8
47 12 8 6 2 115 44 3*3 2.2 1.7 0.6
48 10 6 4 3 111 40 3.1 1.8 1.2 0.9
51 8 5 4 3 107 36 2.7 1.7 1.4 1.0
52 8 4 3 4 105 33 3.0 1.4 1.1 1.4
56 3 2 1 2 102 30 1.2 1.2 0.8 0.4
61 2 2 1 2 100 26 0.9 0.9 0.5 0.9
66 5 2 1 1 97 27 2.3 0.9 . 0.5 0.5
74 2 2 2 2 90 19 1.3 1.3 1.3 1.3
86 2 1 0 1 85 14 1.7 0.9 ------ 0.9
91 2 1 1 2 82 11 2.2 1.1 1.1 2.2
98 1 1 1 l' 80 9
4— --------
1.2
s
1.2 1.2 1.2
-1M  -
Experiment Number; 4»1 
1 m.v. = 1175 B.T.U./hr ft2 He = 1050
0
 
1-3 
0
■‘3V*
(1)
Heat
(m.v.
(2)
Flux 
x 100)
(3) (4 )
tg
(°F)
Mean | 
tg-tw 
(°F}
Heat Transfer
Coefficient 
B.T.U./ (hr) (ft2 ) (°F)
(1) (2) (3 ) (4 )
; 9 39 15 14 12 380 310 1-5 0.6 0.5 0.5
16 21 24 20 20 315 2454 1.0 1.2 0.9 1.0
22 30 17 11 14 260 191 1.9 1.0 0.7 0.9
29 18 9 5 5 220 154 ^ 1.4 0.7 0.4 0.4
30 s 18 11 7 5 212 . 145 1.5 0.9 0.6 0.4
32 17 12 8 5 ■ 201 135 1.5 1.0 0.7 0.4
'34 14 1J 9 4 ;195 128 1.3 1.2 0.8 0.4
35 16 15 11 4 187 121 1.6 1*4 1.1 0.4
37 20 15 21 8 177 110 2.1 1.6 2.2 0.8
39 9 15 8 3 170 103 ;1.0 1.7 0.9 0.3
: 40 10 14 9 3 161 93 1.3 1.8 1.1 0.4
42 15 11 9 2 153 86 1.8 1.3 1.1 0.2
44 12 11 9 3 149 82 1.7 1*6 1.4 O.4
46 8 11 7 3 140 74 1.3 1.7 1.1 0.5
47 8 9 7 3 135 67 1.4 1.6 1.2 0.5
49 5 6 5 6 130 62 0.9 1.2 0.9 1.2
51 6 7 6 4 122 55 1.3 1.6 1.3 0.9
52 10 6 7 4 120 51 2.3 1.4 1.6 0.9
57 2 4 2 5 109 44 0.5 1.0 0.5 1.3
64 8 1 • 1 1 100 35 2.7 0.3 0.3 0.3
71 2 2 1 — 94 26 0.9 0.9 0.4 . -
77 5 3
—7
J> 3 85 19 3*1 1.9 1.9 1.9
86 4 2 1 2 78 12 3.9 2.0 1.0 2.0 
------- i
Experiment Number; 3*19
1 m.v. - 1175 B.T.U./hr ft2 Re = 57000
t/L Heat Flux tg . Mean j Heat Transfer
x l O O (m.v x 100) (o f ) tg-tw Coefficient
(°F) B.T.U./ (hr) (ft2 ) (OF)
(1 ) (2) (3) (4) (1) (2) (3) (4)
9 102 114 93 98 I85 103 11.6 13.0 10.6 13.6
16 110 100 93 93 179 97 13*3 12,1 11.3 11.3
25 94 84 79 80 170 88 : 12.6 11.2 10.6 10.7
29 124 . 72 75 85 165 83 17.6 10.2 10.6 12.0
31 126 80 85 89 I64 82 18.0 11.5 12.2 12.8
33 120 88 78 89 162 80 17*6 12.9 11.5 13.1
34 105 - 77 87 161 79 15.6 - 11.5 13.1 :
36 102 120 94 84 159 77 16.2 18.3 14.3 12.8
37 114 - 111 88 ; 158 7 6 17.6 - 17.2 13.6
38 122 136 110 77 157 75 19.1 2.13 17.2 12.1
39 117 114 53 106 156 74 .18.6 22.8 - 16,8
40 124 128 121 85 155 73 20.0 20.6 19.5 13.7
41 160 143 - 89 . 154 72 26.1 23.3 - 14.5
42 126 140 118 91 153 71 .20.8 23.2 19.5 15.1
43 131 136 - - 152 70 j 22.0 22.8 -
45 106 154 1199 80 150 68 18.3 2 6.6 20.6 13.8
47 100 130 114 82 147 65 18.1 23.5 20.6 14.8
48 126 106 95 79 145 63 23.5 19.8 17.7 14-7
50 74 100 89 68 143 61 14.3 19.3 17.2 13.1
54 64 92 82 48 140 58 13.0 18.6 l 6„_6 9.7
61 38 ;64 56 52 136 54 8.3 13.9 12.2 11.3
• 68 48 70 61 58 132 50 11.3 16.5 I4.4 13.6
78 51 55 % 48 127 45 13.3 14.4 13.3 12.5
85 37 36 46 43 124 . 42 IO.4 1 0 . 1 12.9 1 2 . Q
8 8 26 40 48 41 123 41 7.5 11.5 13.8 1 1 . 8
96 23 41 43 39 123 41 6 . 6 1 1 . 8 1 2 . 3 1 1 . 2
-1*4-3“
Experiment Humber: 3*17
1 m.v, = 1175 B.T.U./hr-ft2 Re = 486OO
t/L Heat Flux tg Kean i Heat Tranfser
xlOO (m.v. x 100) ( F) tg-tw
0%) B.T.U
Coefficient 
. / (hr) (ft ) (°F)
(1) (2) (3)' (4) (1 ) (2) (3) (4)
5 80 86 78 87 193 112 8.4 9.0 8.2 9.1
16 92 94 82 78 182 101 10.7 10,9 9.5 9.1
23 106 88 78 80 175 94 13.3 11.0 9.8 10.0
29 108 88 66 77 168 87 14.6 11.8 8.9 IO.4
31 118 102 75 84 166 85 16,3 14.1 IO.4 11.6
33 112 74 73 82 I65 84 15-7 IO.4 10.2 11.5
34 121 48 71 79 163 82 17.3 6,9 10,2 11.3
36 86 88 76 75 162 81 12.5 12,8 11.0 10.9 :
37 139 - 92 64 161 80 20.4 - 13.5 9.4
38 104 130 100 71 159 78 15*7 19.6 15.1 10,7
39 163 121 - 70 158 77 24.8 18,5 - 10.7
40 112 128 IO5 77 157 76 17.3 19.8 16,2 11.9
41 125 - 87 69 156 75 19.6 - 13^6 10,8
43 119 122 75 93 154 73 19.2 19,6 12.1 15.0
45 94 126 107 64 152 71 15.5 20.8 17.7 10.6
47 96 118 102 69 149 68 16,6 20.4 17.6 11.9
48 96 162 91 70 147 66 17.1 28.8 16.2 12.5
50 64 96 80 61 145 64 11,8 17.6 14.7 11,2
54 68 78 69 46 142 61 13.1 15.0 13.3 8.9
59 55 60 47 39 139 58 11,1 12,2 9.5 7.9
68 58 62 53 53 134 53 12.9 13.7 11.8 11.8
76 48 57 48 44 129 48 11,8 14.0 11.8 10,8
85 46 47 43 37 125 44- 12.3 12.5 11.5 9.9
88 35 42 39 28 123 42. 9.8 11.8 10,9 7.9
96 37 — 41 — 120 39 11.1 - 12.3 -
-144-
Experiment Number 3-16
lm.v. = 1175 Btu/hr.ft^. Re = 41500
V l
x1 00
(1)
Heat
(m.v.
(2)
Flux 
x 100)
(3) (4)
t
(*F)
Mean
tp-tw
(°F)
Heat Transfer Coefficient 
Btu/hr.(ft^)(°F)
(1) (2) (3) (4)
5 100 96 89 94 206 124 9.5 9.1 8.4 8.9
16 90 100 77 78 193 111 9.5 10.6 . 8.1 8.2
23 94 92 80 78 185 103 10.7 10.5 9.1 8.9
29 , 104 68 66 71 177 95 12.9 8.4 8.2 8.8
31 110 78 69 82 175 93 13.9 9» 6 8.7 10.4
33 112 80 62 82 173 91 14.4 10.3 8.0 10.6
34 110 58 71 79 171 89 .14.5 7.7 9.4 10.4
36 94 108 84 71 164 87 12.7 14.6 11.3 9 0 6
37 103 - 109 88 168 86 14.1 - 14-9
00CM
38 94 120 96 69 167 85 13.0 16.6 13-3 9-5
39 123 117 - 55 166 84 17o5 16.4 - 7-7
40 116 124 98 75 164 82 16.6 17-8 14.0 10.7
41 122 128 - 85 163 81 17-7 1806 - 12,3
42 104 118 109 82 161 79 15-4 17o 6 16.2 12,2
43 114 128 69 91 160 78 17»2 19.3 10.4 13-7
45 86 112 98 75 158 76 13.3 7.3 17»0 11.6
47 84 108 96 68 155 73 13-5 17.4 15.4 10,9
48 99 106 134 68 153 71 16,4 17.5 22.2 11.2
50 90 84 77 61 151 69 15o3 14.3 13.1 10.4
54 60 76 64 46 147 65 . 10.8 13.7 11.6 8.3
59 44 58 48 40 143 61 8.5 11.2 9.2 7-7
68 49 61 . 53 45 138 56 10,3 12.8 11.1 9.4
76 51 51 45 44 132 50 1 2 0 0 12.0 1G. 6 10.3
82 47 43 43 40 129 47 11.8 10.7 10.7 10,0
88 29 46 42 36 126 44 7.7 12.3 11.2 9.6
96 16 48 35 33 122 40 4.7 14.1 10.3 9.7
-1k5-
Experiment Number: 3»15
1 m.v. = 1175 B.T.U./hr ft2 Re = 365OO
i/L
xlOO
(1)
Heat
(m.v.
(2)
Flux 
x 100)
(3) (4):
■kg 
(°F)
Mean
(°F)
Heat Transfer
Coefficient 
B.T.U./ (hr) (ft^) (°F)
(1) (2) (3 ) (4)
5 66 70 66 66 ' 178 101 7.7 0.1 7.7 7.7.
16 64 72 64 59 167 90 8.4 9.4 8.4 7.7
23 70 66 61 61 159 82 10.0 9.5 8.7 8.7
29 70 49 37 49 153 76 10.8 7.6 5.7 7.6
31 76 50 50 54 . 151 ; 74 12.1 8.0 8.0 8,6
33 74 43 49 48 ; 150 73 11.9 6.9 7.9 7.7
34 7 6 46 39 48 148 71 12.0 7.6 6.5 8.0
36 66 60 57 46 . 147 70 11.1 10.1 9.7 7.7
37 64 - 63 47 145 68 11.1 10.9 8.1
38 60 80 70 45 144 67 IO.5 14.0 12.3 7.9
39 115 92 - 56 143 66 20.5 I6.4 - 10.0
40 88 96 77 55 142 65 15*9 17.3 13.9 10.0
41 80 92 - - 141 • 64 14.7 16.9
42 76 96 75 54 140 63 14.2 17.9 14.O 10.1
43 94 62 84 139 62 17.8 - 11.8 15.9
45 80 86 69 53 137 60 15.7 16,8 13.5 10,4
47 66 76 68 48 135 58 13-4 15.4 13.8 9.7
48 73 59 48 133 56 12.2 15.3 12.4 10,1
50 66 58 55 39 131 54 I4.4 12.6 12.0 8.5
54 40 48 45 34 128 51 9.2 11.1 IO.4 7.8
59 30 ■ 41 33 28 125 . 48 7.4 10.0 8.1 6.9
68 31 42 34 31 121 44 8.3 11.2 9.1 • 8.3
76 32 40 33 27 117 40 9.4 11.8 9.7 7.9
88 21 35 28 23 111 34 7.3 12.1 9.7 8.0
96 22 37 24 24 108 31 8.3 14.0 9.1 9.1
. ..1..i
1m.v. = 1175 Btu/hr. ft .• Re = 31+100
oo
f—3
(1)
Heat 
(mo v* 
(2)
Flux 
x 100) 
(3) (4)
(°F)
Mean 
t -tw
( f )
Heat Transfer Coefficient 
Btu/hr.(ft2)(°P)
(1) (2) (3) (U)
5 80 68 61 62 186 108 8.7 3.4 6.6 6.8
16 78 72 62 59 172 94 9.8 9.0 7.8 7.4
23 66 66 57 57 165 87 8.9 8.9 7.7 7.7
29 82 58 45 48 158 80 12.0 8*5 6.6 7.0
31 84 52 50 53 150 78 12.6 7.8 7.5 8.0
33 84 50 50 48 154 76 13.0 7.7 7.7 7.4
34 90 34 51 52 152 74 1U.3 5.4 8.1 8.3
36 82 62 61 46 151 73 13.2 1O0O 9.8 7.4
37 72 - 86 45 i50 72 11 .8 1 14.0 7.3
38 84 70 69 46 149 71 13.9 1106 11.4 7.6
39 98 89 - 65 148 70 16,4 14.9 - 10.9
ko 76 86 75 53 146 68 13o1 14.8 13.0 9.2
41 88 69 - - 145 67 15<>4 1 2 01 - -
42 68 80 69 50 144 66 12*1 14.2 -12.3 8.9
43 97 - - - 143 65 17.5 - - -
45 72 77 77 52 141 63 13.4 14.3 14.3 9.7
47 59 74 68 48 139 61 11 o4 14.2 13.1 9.2
48 64 70 83 47 137 59 12.7 13.9 16*5 9.3
50 63 60 53 43 135 57 13.0 12.4 10.9 8.9
54 40 50 43 30 133 55 8.3 10*7 9.2 6.4
59 31 41 31 25 129 51 7.1 9.4 7.1 5.8
68 34 37 38 30 124 46 8.7 9.4 9.7 7.7
76 33 35 33 29 119 41 9.5 10*0 9.5 8.3
82 26 26 29 27 116 38 8*0 8.0 9.0 8.0
88 23 31 28 23 113 35 7.7 10.4 9.4 7.7
96 27 28 24 24 110 32 9.9 10,3 8.8 8.8
-1 4 7 -
Exp eriment Number!; 3*13
1 m.v. = 1175 B.T.U./hr ft^ Re = 293^0
Heat Flux tg
' !
Mean Heat Transfer
xlOO (m.v. x 100) (°F) tg-tw Coefficient
(1) (2) (3)
(°F) B.T.U./ (hr) (ft^) (°F)
(4) (1) (2) (3) (4)
5 61 56 62 61 187 111 6.5 5.9 6.6 6.5
16 62 61 63 59 174 98 7.4 7.3 ■7.5 7.1
23 63 58 53 53 166 90 8.2 7.6 7.6 6.9
29 61 42 40 43 159 83 8.6 5-9 5.7 6.1 :
31 62 45 43 44 157 81 9.0 6.5 6.2 6.4
33 61 37 43 43 155 79 9.1 5.5 6.4 6.4
34 67 30 45 38 153 77 10.2 4.6 6.9 5.8
36 53 55 51 42 ; 151 75 8.3 8.6 8.0 6.6 ,
37 70 - 47 46 : 150 74 11,1 - 7.5 7.3
38 75 69 50 43 ■ ■ 149 73 12.1 11.1 8.0 6.9
39 68 108 - 27 I48 72 11.1 17.6 -  ■ 4.440 75 83 65 46 : 147 71 12.4 13.8 10.8 7.6
41 88 77 - 52 I46 70 14.8 12.9 8.7 .
42 52 76 69 53 144 68 ; 9.0 13.1 11.9 9.1 '
43 88 ~ 75 76 143 67 15.4 - 13.2 13*3
45 52 83 53 45 141 65 9.4 15.0 9.6 8.1
47 55 66 60 42 139 63 :10.3 12.3 11.2 7.8
48 53 87 50 45 : 137 61 10.2 16.7 9.6 8.7
50 51 53 47 36 135 59 :10.2 10.6 9.4 7.2
54 36 45 38 26 132 56 7.5 9.4 8.0 5-3 :
59 29 31 28 22 129 53 6.4 6.9 6,2 4*9
68 35 36 34 26 123 47 8.7 9.0 8.5 6.5
76 35 31 28 25 119 43 9.6 8,5 7.6 6.8
88 19 27 23 20 113 37 6.0 8.6 7*3 6.4
96 23 24 20 20 109 33 8.2 8.5 7.1 7.1
-148-
Exnermient Number 3.12
1m,v, = 1175 Btu/hr. ft^. Re = 24700
&/L
x100
(
(1)
Heat 
m o v o
(2)
Flux 
x 100)
(3)
j
(4)
— 
cH-
CO
q
5-
Mean 
t -twp*
(8f )
Heat transfer Coefficient 
Btu/hr.(ft2) (°p)
(1) (2) "(3) (U)
5 72 63 67 63 211 135 6.3 5.5 5.8 5.5
16 80 62 68 62 195 119 7.9 6.1 6.7 6.1
23 75 68 61 61 184 108 8.2 7.4 6.6 6.6
29 65 64 44 47 175 . 99 7.7 7.6 5.2 5.6
31
- \ 80 71 52 47 173 97 9.7 8.6 6.3 5.7
33 78 58 47 45 170 94 9.8 7.3 5.9 5.6
34 72 31 46 44 168 92 9.2 4.0 5.9 5.6
36 57 56 53 42 166 90 7.k 7.3 6.9 5.5
37 64 - 64 41 1 65 89 8.5 - 8.5 5.4
38 65 80 61 48 164 88 8.7 10.7 8.2 6.4
39 60 86 - 30 163 87 8,1 11.6 - . 4.1
40 85 77 67 50 161 85 11.8 10.7 9.3 6.9
41 79 101 - 67 160 84 11.1 14.1 - 9.4
42 64 90 71 52 158 82 9.2 12.9 10.2 7.5
43 85 98 75 106 156 80 12.5 14.4 11.0 15.5
43 65 70 59 53 154 78 : 9o8 10.6 8.9 8.6
47 58 76 65 49 151 75 9.1 ,11.9 10.2 7.7
48 57 95 60 48 149 73 9.2 15.3 9.7 ■7.7
50 63 68 51 40 145 69 10,7 11.6 8.7 6.8
54 40 49 45 29 141 65 7.2 8.9 8.1 5.2
61 35 40 30 24 134 58 7.1 8.1 6.1 4.9
68 40 38 36 28 129 53 8.9 8.4 8.0 6.2
73 33 35 31 28 125 49 7.9 8.4 7.4 6.7
82 29 29 28 27 119 43 7.9 7.9 7.6 7.4
90 23 30 26 23 114 38 7.1 9.3 8.0 7.1
97 23 28 20 20 110 34 7.9 9.7 6.9 6.9
-11*9-
Experiment Numbers 3 * H
1  m . v .  -  1 1 7 5  B . T . U . / h r  f t 2  R e  e 2 1 7 0 0
*/L H e a t F l u x  ■ tg M e a n H e a t T r a n s f e r
x l O O (m.v. x 100) ( F ) t g - t w C o e f f i c i e n t
(1) (2)
(°F) B . T . U . /  ( h r )  ( f t * )  ( ° F )
(3) (4) (1) (2) (3) (4)
11 68 70 54 54 200 123 6.5 6.7 5.2 5*2
18 59 58 53 48 190 113 6.1 6.0 5.5 5.0
25 50 52 44 39 179 102 5.8 6.0 5*1 4*5
29 52 45 33 37 174 97 6.3 5.5 4*0 4*5
31 51 44 37 39 172 95 6.3 5.4 4.6 4.8
33 49 36 40 170 93 7.2 6,2 4*6 5.1
34 64 30 44 46 168 91 : 8.3 3.9 5.7 5.9
36 54 53 44TT 37 166 89 7.1 7.0 5.8 4.9
37 61 - 65 38 165 >88 8.1 - 8.7 5*1
38 R A  D'-r 71 46 38 I63 86 7.4 9.7 6.3 5*2
39 121 76 - 33 162 85 6.7 10.5 4.6
40 58 66 52 43 160 , 83 8.2 9.3 7.4 6.1
£L 71 84 - 36 159 82 10.2 12.0 - 5*2
42 60 72 57 40 157 80 8.8 10.6 8.4 5*9
45 73 86 44 40 156 79 10.8 12.8 6.5 5*9
45 56 55 47 43 154 77 8.5 8.5 7.2 6.6
47 48 63 52 31 151 74 7.6 10.0 8.3 5*4
48 44 27 63 41 149 72 7.2 4.4 10.3 6.7
50 60 38 37 46 146 69 10.2 6.5 6.3 7.8
54 43 31 28 45 143 66 7.6 5.5 5.0 8.0
6i 28 27 28 23 137 60 5.5 5.3 5.5 4*5
69 30 42 31 24 131 54 6.5 9.1 6.7 5*2
82 27 29 26 25 121 .44 7.2 7.7 6.9 6.7
90 20 29 21 20 115 38 6.2 9.0 6.5 6.2
98 21 23 19 20 111 34 7.2 7.9 6,6 6.9
- 1 5 0 -
Experirrient Number: 3*10
1 m.v. s 1175 B.T.U./hr ft2 Re = 19700
( K
xlOO
(1)
Heat
(m.v,
(2)
Flux 
x 100)
(3) (4)
■kg
(°F)
Mean 
tg-t* 
(°F)
Heat Transfer 
1 Coefficient 
B.T.U./ (Hr) (ft )(°F)
(1) . (2) (3 ) (4 )
11 66 58 64 58 214 135 5.7 5.0 5.6 5.0
18 58 54 55 53 203 124 5.5 5.1 5.2 5.0
25 54 56 41 40 191 112 5.7 5-9 4.3 4.2
29 59 51 37 37 I85 106 6.5 5.6 4.1 4.1
31 59 47 34 41 183 104 6.7 5-3 3.8 4.6
33 57 65 40 39 180 101 6.6 7.6 4-7 4-5
34 81 28 50 47 178 99 . 9.6 3.3 5-9 5.6
36 59 61 45 42 175 96 7.2 7.5 5.5 5-1
37 67 - 69 40 174 95 8.3 8-5 4-9
38 66 78 52 39 172 93 8.3 9.9 6.6 4-9
39 54 91 - 86 170 91 7.0 11.8 - 11.1
40 72 74 54 44 168 v89 9.4 9.7 7.0 5-7
41 83 90 - 45 167 88 11,1 12.0 - 6,0
42 70 76 58 40 165 86 9.6 IO.4 7.9 5-5
43 84 38 85 54 164 85 11.6 5-3 11.8 7-5
45 57 60 54 45 161 82 8.2 8.6 7.7 6.4
47 54 44 52 35 158 79 8.0 9.5 7.7 5-2
48 58 62 74 44 155 76 9.0 9.6 6.8 6.8
50 48 53 48 34 152 73 7.7 8.5 7.7 5-5
54 40 41 31 25 148 69 6.8 8.3 5.3 4-3
61 33 36 30 23 141 62 6.3 6.8 5-7 4-3
69 33 31 28 25 135 56 6.9 6.5 5-9 5*2
82 31 30 27 27 126 47 7.8 7.5 6.8 6.8
90 22 22 23 20 119 40 6.5 6.5 6.8 5-9
98 21 24 19 19 114 35 7.1 8.1 6.4 6,4 '
-151-
Experiment Number 3.9
1m.v. = 1175 Btu/hr.ft2. Ee = 16700
x1 00
Heat Flux 
(m.v. x 100) 
(1) (2) (3) (4)
t
(^ F)
Mean 
t -tw
( F)
Heat Transfer Coefficient 
Btu/hr 0(ft^)( °E )
(1) (2) (3) (4)
11 76 68 74 54 227 150 6,0 5.3 5.8 4.2
18 78 58 53 42 214 137 5 0 0 5.0 4.5 3.6
25 k l k9 k3 39 201 12l|. 4.5 4.6 4.1 3.7
29 k9. 39 3k 43 193 116 5<>0 4.0 3.4 4«4
31 k9 k3 . ko 56 191 114 5.1 4-4 4.1 5.8
33 31 56 41 55
0
0V 110 5*3 6,0 4.4 5.9
34 63 30 kk 41 185 108 6,4 3.3 4.8 4.5
36 35 61 k6 43 182 105 6.2 6,8 5.1 4.8
37 k9 - 68 38 180 103 5 0 6 - 7.8 4.3
38 61 60 55 55 178 101 7.1 7.0 6.4 6.4
39 6k 78 - 59 176 99 7.6 9.3 - 7.0
ko 66 68 58 46 174 97 8,0 8.2 7.0 5.6
41 73 77 - 36 173 96 8.9 9.4 4.4
k2 59 66 62 43 170 93 7.5 8.3 7.8 5.4
k3 80 e>k 68 57 169 92 10.2 10.7 8.7 7.3
k5 k6 59 54 43 166 89 6.1 7.8 7.1 5.7
U7 48 54 53 37 163 86 6.6 7.4 7.2 5.1
48 48 52 35 39 160 83 6.8 7.4 5.0 5.5
50 ko k l 40 35~ 157 80 5.9 6.9 5.9 5.1
5k 36 41 37 28 153 76 5.6 6.3 5.7 4.3
59 28 31 27 20 11+7 70 4.7 5.2 4.5 3.4
6k 29 28 26 22 142 65 5 0 2 5.1 '4.7 4.0
76 27 25. 21 20 132 . 55 5 08 5.3 4.5 4.3
82 25 25 21 23 128 . 31 5o8 5.8 4.8 5.3
88 20 2k 19 8 121+ 47 5.0 6.0 4.7 2.0
98 11 23 13 15 118 41 3.2 6,6 3.7 4.3
- 1 5 2 -
Experiment Number 5c8
1m.v. =1175 Btu/hr,ft^, Re = 16000
7 l
x1 00
(1)
Heat
(m,v.
(2)
Flux 
X  100) 
(3) (4)
t
( f )
Mean 
t -tw
(°F)
Heat transfer 
coefficient
Btu/lir, (f t ^) (°F)
(1) (2) (3) (4) “
5 70 58 57 48 237 162 5 . 1 4.2 4.1 3.5
16 70 59 66 45 215 140 5.9 5.0 5.5 3.8
23 58 56 57 56 201 126 5.4 5.2 5.3 5.2
29 k8 ko 36 38 189 114 4.9 4.1 3.7 3.9
31 46 3k 38 46 186 111 4.9 3 .6 4.0 4.9
33 46 k6 41 45 183 108 5.0 5.0 4.5 4.9
34 67 ko 39 34 180 105 7.5 4.5 4.4 3.8
3 6 46 56 k3 44 178 103 5.2 6,4 4.9 5.0
37 68 - 58 42 176 101 7.9 - 5.7 4.9
38 k5 59 ks 41 175 100 5.3 6,9 5.8 4.8
39 59 ko - 48 173 98 7.1 4.3. _ 5.8
40 58 76 60 48 170 95 7-2 8,9 7.4 5.9 ;
k1 71 78 68 169 94 8.9 9.8 — 8.5
k2 58 65 56 40 167 92 7.4 8.3 7.2 5.1
k3 71 k9 41 48 165 90 9.3 6,4 5.4 6.3
48 39 k5 5k 33 157 82 5.6 6.5 7.7 4.7
57 - 33 17 18 146 71 - 5.5 2,8 3.0 1
66 20
I
- 29 *• 139 64 3.7 - 5.3 -
75 23 - 27 26 131 56 4.8 - 5.7 5.5
83 29 33 15 27 124 49 7.0 7.9 3.6 6.5
92 5 - 21 2 2 1 1 7 42 1.4 - 5.9 6,2
1 0 0 3 20 23 113 38 0,9 — 6.2 7.1
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Experiment Numbers 3*7
1 m.v. s 1175 B.T.U./hr ft2 Re * 9900
i/L H e a t F l u x tg M e a n H e a t T r a n s f e r
x l O O ( m . v . x 100) ( ° F ) t g - t w C o e f f i c i e n t
(1) (2) (3)
( ° F ) B . T . U . /  ( h r )  ( f t 2 ) ( o f )
(4) (1) (2) (3) (4)
7 ~ 64 69 . 65 314 246 — 0.9 1.7 2.7
14 74 57 €4 64 288 220 3.4 2.5 3*5 3*321 51 - 55 53 265 197 3.5 3.4 2.9
28 67 37 - 50 243 175 5.4 3.8 3*6
34 51 78 44 34 225 157 4*3 3*1 2.5 2.2
37 42 — 39 32 218 150 4*5 3.2 2.3
39 84 71 *- 55 213 145 8.5 6.1 .. 4.0
41 48 32 54 36 208 140 5*4 3.0 3*1
43 55 48 50 10 203 135 5.8 5*7 3.5 0.848 29 39 40 31 190 122 4.0 5*9 3*6 2.9
57 — 25 21 20 173 105 - 3*2 4*o 2.0
66 32 - 28 - ■ 156 88 2,9 6.0 —
75 26 - 24 25 142 74 5*7 - 3*5 4.1
83 22 22 20 25 129 61 -4.8 5.0 3*5 6.5
92 17 - 17 17 120 52 4*5 3*6 3*6100 14 26 22 111 43 4.1 *- 6,6 4*6
- 1 5 k -
Experiment Number; 5-4
1 m.-v’• a 1175 B.T.uJ ir ft2 Re s 3780
i/L Heat Flux tg Mean ! Heat Transfer
xlOO (m.v. x 100) ( F ) tg-tw Coefficisnt
(1) (2) (3)
(°F) B.T.U./ (hr) (ft2 ) (°F)
(4) (1) (2) (3) (4)
7 — — _ 29 281 216 mrn r 1.6
14 32 23 20 25 ; 253 188 2.0 1*4 1.3 1.6
21 40 - 16 17 227 162 ■3.9 - 1.2 1.2
28 40 23 - 21 203 . 138 3.4 2.0 1.8
34 13 3 12 19 102 117 1.3 0*3 1.2 1.9
37 35 - 18 - 175 110 3.7 1.9 —
39 43 29 - 16 108 103 4.9 3.3 - 1.8
41 32 31 - 23 163 98 3.8 3.7 - 2.8 .
43 22 26 18 160 95 2.7 3.2 2.2 —
48 13 14 11 10 141 76 2.0 2.2 1.7 1.5
. 57 ~. 10 3 2 127 62 - 1.9 0.6 0,4
66 7 - 10 - 118 53 1*6 - 2.2 —
' 75 19 - 5 4 ■ 109 44 5-1' - 1.3 1.1
83 ■ 10 5 3 7 98 33 3.6 1,8 1.1 2.5
92 6 ** 3 2 92 27 2.6 — 1.3- 0.9
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Experiment Number; 3*3
X  m . v .  -  1175 B . T . U . / h r  f t 2 R e =  2 7 3 0
Heat Flux: tg Mean Heat Transfer
xlOO ( m.v. x 100} ( F } tg-t™ Coefficient
(1) (2) (3)
(°F) B.T.U,/ (hr) (ft^ ) CF)
(4) (1) (2) (3) (4)
7 — 10 — 24 349 288 mm 1.0
14 29 22 19 22 308 247 1.4 1.0 0.9 1.0
21 38 - 19 12 279 218 2.0 - 1.0 0.6
28 30 20 - 19 250 189 1.9 1.2 - 1.2
34 12 7 12 24 223 162 0.9 O.5 0.9 1.7
37 35 — 4 17 213 152 2.7 0.3 1.3
39 38 28 - 12 205 144 3.1 2.3 1.0
41 17 27 - 36 198 137 1-5 2.3 - 3.0 ,
43 22 26 19 - 189 . 128 2.0 2.4 1.7
48 15 17 n0 10 171 110 1.6 1.8 0.9 1.1
57 - 7 7 4 153 92 - 0.9 0.9 O.5
06 6 - 11 - 142 81 .0.9 - 1.6
75 19 - 8 13 123 62 3.6 - 1.5 2.5
83 12 4 p 15 103 42 3.4 1.1 2.2 4.2
92 6 4 li 89 28 
I.... 2*5
1.7 4.6
- 1 5 6 -
Experiment Number : 3*2
1  m . v .  -  1 1 7 5  B . T . U . / h r  f t 2 R e  =  1 7 2 0
1/1 Heat Flux tg Mean; Heat Transfer
x L O O ( m . v . x 100) (j°F) tg-tw Coefficient
(l) (2) (3)
(°F) B.T.U0/ (hr) (ft2) (°F)
(4) a) (2) (5) (4)
7 - 10 16 32 380 317 — 0.4 0.6 1.2
14 42 24 13 33 307 244. 2.0 1.2 0.6 1.6
21 27 — 11 22 250 187 1.7 - 0.7 1.4
28 38 12 - 9 208 145 ' 3.1 1.0 - 0.7
34 8 6 - 8 175 112 0.8 0.6 - 0.8
37 26 13 5 6 I65 102 3.0 1*5 0,6 0.7
39 23 38 - 5 156 93 2.9 4.8 p- 0.6
41 32 22 ~ 9 1R0 87 4.3 3.0 - 1.2
43 16 18 ' 14 5 140 77 2.4 2.7 2.1 0.8
48 12 8 7 6 125 62 2.3 1.5 1.3 1.1
- 2 2 3 108 45 - 0.5 O.5 0.8
66 4 - 2 -■ 100 37 1.3 0.6 -
75 7 - 1 3 93 30 2.7 - 0.4 1.2
83 2 2 0 3 82 19 1.2 1.2 0. 1.9
92 2 •* 1 2 74 11 2.1 — 1.1 2.1
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E;xperiment Numbers 3*1
1 m.v. = 1175 B.T.U./hr ft2 Re « 1220
o
 
J o
44
(1)
Heat
(m.v.
(2)
Flux 
x 100)
(5) (4)
tg
(o f )
Mean
tg-tw
(°F)
Heat Transfer
Coefficient 
B.T.U./ (hr) (ft?) (°F)
(1) (2) (3 ) (4)
7 ~ 30 47 405 341 1.0 _ 1.6
14 40 21 12 32 300 236 2.0 1.0 0.6 1.6
21 22 - 3 18 228 I64 1.6 — 0.2 1.328 24 15 — 7 189 125 2.3 1.4 — 0.7
34 3 2 4 4 159 - 95 0.4 0.2 0,5 0.5
37 18 — 4 6 150 86 2.5 — 0.5 0.8
39 19 16 ~ 5 143 : 79 2.8 2.4 0.7 ;
41 24 19 _ 10 137 73 ' .9 3.1 — 1.6
43 9 10 6 11 128 64 1.7 1.8 1.1 2.0
48 7 6 4 3 110 46 .1.8 1.5 1.0 0.8
57 - 1 2 1 92 28 — 0.4 0.8 0.4
66 5 - 2 - 87 : 23 2.6 — 1.0 —
75 4 - 1 1 78 14 3.1 — 0.8 0.8
83 l 1 0 1 70 66 2.0 2.0 0 2.0
92 1 — 1 1 70 66------ 2.0 - 2.0 2.0
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Experiment Number: 2,11
1 m.v. = 1175 B.T.U./hr ft2 Re = 54300
l/L
xLOO
(1)
Heat
(m.v.
(2)
Flux 
x 100)
(3) (4)
boST
-p 
0 Hean
tg-tlA
(°F)
Heat Transfer
Coefficient 
B.T.U./ (hr) (ft2) (°F)
(1) (2) (3 ) (4 )
8 136 29 41 123 186 : 119 13.4 2.9 4* 0 12.1
15 111 64 134 102 179 112 11.6 6.7 14.0 10.7
22 97 79 112 92 172 105 10.8 8.8 12.5 10.3
29 112 109 76 78 166 99 13.3 12.9 9.0 9.3
34 56. 103 ’ 99 105 161 94 7.0 12.9 12.4 13.136 105 59 97 93 158 91 13.6 7.6 12.5 12.0
38 153 134 139 86 156 89 20.2 17.7 18.3 11.4
40 138 14411 147 122 154 87 18,6 19.4 19.8 I6.5
42 131 158 107 65 153 86 17.9 21.6 14.6 8.9
4-6 ;115 117 76 120 148 81 16.7 17.0 11.0 17.4 1
55 44 88 134 51 139 72 7.2 14.3 21.8 8.3
64 53 54 110 68 132 65 9.6 .9.8 19.8 12.3
73 70 - 67 68 125 58 14.2 - 13.6 13.8
82 58 74 34 54 120 53 12.8 I6.4 7.5 12.0
92 73 56 46 -'146 . 114 47
..
18.2 14.0 11.5 11.5
-159-
Experiment Numbers 2.12
1 m.v. s 1175 B.T.U./hr ft2 Re = 51000
-f/L Heat Flux tg Mean Heat Tranfser
xlOO (m.v. x 100) (°F) . tg-tw Coefficient
(1 ) (2) (3)
(°F) B.T.U ./ (hr) (ft2) (°F)
(4) (1) (2) (3) (4)
8 150 32 — 123 193 123 14.3 3.1 — 11.8
15 114 63 141 102 I85 115 11.6 6,4 14.4 10,4
22 94 80 108 97 176 106 IO.4 8.9 11.8 10.7
29 107 106 70 74 170 100 12,6 12.5 8.2 8.7
34 112 96 90 89 I65 95 13.8 11.9 ll.l 11.0
36 69 73 100 76 163 93 8.7 9.2 12.6 9.6
38 161 120 118 70 161 91 20,8 15.5 15.2 9.0
40 83 129 146 137 I58 88 11.1 17.2 19.5 I8.3
42 131 152 96 66 157 87 1717 20.5 13.0 8.9
46 117 128 80 120 152 82 16.8 18.4 11.5 17.2
55 34 81 129 55 143 73 5*5 13.0 20.7 8.9
64 54 52 109 70 135 65 9.8 9.4 19.7 12.6
73 69 ■ — 56 66 129 59 13.7 - ll.l 13.1
82 52 70 36 60 123 53 11.5 15.5 8.0 13.3
92 59 52 52 .46 117 47 14.7
L .
13.0 13.0 11.5
- 1 6 0 -
Experiment Number 2.13
lm.v. - 1175 B.T.U./hr.ft^. Be. « 46OOO
Heat Transfer
Heat Flux- t g Mean Coefficient
xlOO
(1)
(m.v. x 100) (°P) tg-ti* B.T.TJ./(hr)(ft )( F)
(2) (3) (4) ( F) (1) (2) (3) (4)
8 158 30 113 190 122 13.3 2.9 wm+mw* 10.9
15 95 78 118 96 182 114 9.8 8.0 12.2 9-9
22 91 ----- 106 86 174 106 '10.1 7.5 11.8 9.5
29 95 100 66 74 167 : 99 11.3 11.9 7.8 8.8
34 93 83 76 81 160 92 11.9 10.6 9.7 10.3
36 123 64 79 70 158 90 16.1 8.4 10.3 9.1
38 128 100 113 70 156 88 17.1 13.4 15.1 9*4
40 168 123 124 81 155 87 22.7 16.6 16.8 11.0
42 150 139 88 58 153 85 20.8 19.2 12.1 8.0
46 111 119 73 115 148 80 I6.3 17.5 10.7 16.9
55 32 81 102 51 138 70 5.4 13*6 17.1 8.6
64 52 54 99 62 131 63 9.7 10.1 18.4 11.5
73 63 — 55 52 124 56 13.2 — 11.5 10.9
82 52 66 29 52 119 51 12.0 15.2 6.7 12.0
92 59 50 39 36 113 45 15.4 13.1 10.2 9.4
—16-1 —
Experiment Humber: 2.6
1 m.v. = 1175 B . T . U . / h r  ft2 Re = 27500
i/1 Heat Flux tg Mean Heat Transfer
xLOO (m.v, x 100) (°F) tg-tw Coefficient
(°F) B . T . U . /  (hr) (ft2) (op);
(1) (2) (3) (4) (1) (2) (4)
8 114 IO4 — 104 190 126 10.6 9.7 9.7
15 100 60 110 84 181 117 1... 6.0 11.0 8.4
22 76 56 76 172 108 8.3 6.1 10.7 8.3
29 660 54 58 58. ■. 166 102 6.9 6.2 6.7 6.7
34 : 70 70 78 74 159 95 8.7 8.7 9.7 9.2
36 90 100 88 58 157 93 11.4 12.6 11.1 7.3 1
38 76 82 102 66 154 90 9.9 10.7 1313 8.6
40 116 108 114 74 152 88 15.5 14.4 15.2 9.9
42 90 88 78 58 150 86 12.3 12.0 10.7
46 58 98 64 96 144 80 8.5 I4.4 9.4 i * •
55 47 55 52 47 133 69 8.0 9.4 8.9 8.0
64 58 40 52 42 61 11.2 7.7 10.0 9.6
73 40 52 50 42 119' 55 7.7 11.1 10.7 9.0
82 42 44 26 38 113 49 io.i 10.6 6.2 9.1
92 30 41
- 1 6 2 -
Experiment Numbers 2.5
1 m.v. = 1175 B . T . TJ . / h r  ft2 Be - 353°0
1/ L Heat 51 ux ■kg Mean Heat T r a n s f e r
x L O O (m.v. x 100) ( F ) tg-tw Coefficient
(°F) B . T . U ./ ( h r )  (ft^) (°F)
(1) (2) (3) (4) (1) (2) (3) (4) ;
8 94 96 86 92 o79 118 9.4 9.6 8.6 9.2
15 80 56 94 76 171 110 8.6 6.0 . 10.0 8.1
22 74 50 90 70 I64 103 8.4 5.7 10.3 8.0
29 5§ 48 54 ■ 50 157 96 6.9 5-9 6.6 6.1
34 50 60 68 72 150 89 6*6 7.9 9.0 9.5
36 62 72 78 64 148 87 8.4 9.7 IO.5 8.7
38 64 92 82 66 146' 84 9.0 12.9 11.5 9.2
40 70 100 100 64 144 83 9.9 14.2 14.2 9.1
42 88 74 90 50 142 81 12.8 10.7 13.1 7.3
4 6 51 67 61 84 137 7 6 7.9 10.4 9.4 13.0
55 42 39 47 38 127 66 7.5 7.0 8.4 6.8
64 56 40 48 444 120 59 11.2 8,0 9.6 8.8
73 37 - 46 38 113 52 8.4 - 10.4 8.6
82 37 40 26 37 107 4 6 9.5 10.2 6.6 9*5
92 34 34 31 32 101 40 :10.0 10.0 9.1 9.4
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ExperimentHumber 2.4
lm.v. = 1175 B.T.U./hr.ft2. Re.32800
- f /L
x l O O
CD
H e a t
(m .v .
(2 )
F l u x  
x  100)
(3 ) (4 )
t g
( ° F )
M e a n
t g - t t
( F )
H e a t  T r a n s f e r
C o e f f i c i e n t  
B . T . U . / ( b r ) ( f t  ) ( ° F )
( 1 ) ( 2) ( 3) (4 )
8 90 21 38 70 173 114 9 -3 7 .2 7 .8 8 .3
15 67 45 92 71 166 107 8 .6 6 .2 9 .9 8 .1
22 62 50 58 61 158 99 6 .4 5» 9 6 .6 7 .8
29 76 76 56 55 150 91 8 .3 6 .5 7 .2 6 .7
34 64 63 60 60 145 86 6 .6 7 .7 8 .2 7 .9
36 65 38 57 46 142 83 8 .2 1 0 .2 10 .5 7 .4
38 100 90 88 49 140 81 1 0 .4 13.1 1 2 .2 7 .5
40 108 95 90 61 137 78 13.0 13.6 13.6 1 0 .3
42 77 117 58 49 137 76 : 9 .9 1 3 .3 1 1 .1 8 .4
46 69 86 51 72 130 71 7 .8 9 .1 9 .1 11 .9
65 20 52 75 36 121 62 3 .8 8 .5 8 .3 7 .4
64 35 30 74 34 115 56 1 0 .9 6 .3 9 .7 7 .1
73 47 — 41 39 109 50 8 .0 ----- 10 .6 8 .9
82 — 45 20 42 102 43 ----- 1 0 .4 6 .0 11 .5
92 38 34 26 '26 97 38 9 .9 10 .5 8.7 9 .0
*-162+—
E ; x p e r i m e n t  N u m b e r :  2 , 2
1  m . v .  =  1 1 7 5  B . T . U . / h r  f t 2 R e  »  2 7 3 0 0
/^L Heat Flux tg Mean Heat Transfer
xlOO (m.v. x 100) (°F) tg-tvf Coefficient
(1 )
(°F) B.T.TJ./ (hr) (ft2) (0?)
(2) (3) (4) (1 ) (2) (3) . (4)
8 : 94 72 70 98 193 133 8*3 6,4 6.2 8.7
15 76 70 96 80 181 121 7*4 6.8 9*3 7.8
22 52 50 78 70 171 111 5.5 5.3 8.3 7.4
29 42 48 48 52 163 103 4.8 5*5 5*5 5*9
34 58 60 28 72 156 96 7*1 7*3 3*4 8.8
36 74 90 68 54 153 93 9*3 11.4 8.6 6.8
38 70 70 82 54 151 91 9.0 9*0 10.6 7.0
40 90 90 104 64 148 88 12.0 12.0 13*9 8.6
42 72 74 7 6 52 146 . 86 9.8 10.1 10.4 7.1
46 56 58 54 70 139 79 8.3 8,6 8.0 IO.4
55 16 42 44 32 . 128 68 2.8 7*3' 7.6 5*5
64 54 36 42 36 120 60 10.6 7.1 8,2 7.1
73 40 - 44 32 113 53 8.9 - •9.8 7.1
82 34 40 22 26 IO5 45 8.9 10.4 5*7 6.8
92 ■ 24 30 38 32 101 41 6.9 8.6 10.9 9.2
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Expeririicnt Numbers 2.1
1 m.v. * 1175 B.T.U./hr ft2 Re *..21800
1/1 Heat Flux
-1 ■ ■
tg Mean Heat Transfer
xlOO (m.v. x 100) (°F) tg-tw Coefficient
(1) (2)
(°F) B.T.U./ (hr) (ft2) (°F)
(3) (4) (1) (2) (3) (4)
8 94 104 82 104 224 I64 6.7 7.4 5*9 7.4
15 72 56 74 76 211 151 5.6 4.4 5.8 5.9
22 56 52 76 >68 199 139 4.7 4.4 6.4 5.8
29 50 48 50 52 188 128 4.6 4.4 4.6 4.8
34 56 56 5'8 60 179 119 5*5 5.5 5*7 5.9
36 56 82 66 48 176 116 5.7 8.3 6.7 4*9
38 76 80 74 54 172 112 8.0 8.4 7.8 5.7
40 100 90 98 104 170 110 10.7 9.6 10.5 11.1
42 80 80 76 70 167 107 8.8 8.8 8.3 7.7
46 50 74 52 72 157 97 6.1 9.0 6.3 8.7
55 36 42 40 34 143 83 5.1 5-9 5-7 4.8
64 52 42 32 132 72 8.5 6.9 5.2
73 32 40 36 38 123 63 6.0 7.5 6.7 7.1
82 32 38 . 22 30 115 55 6.8 8.1 4*7. 6,4
92 28 32 30 30 107 47 7.0 8.0 7.5 7*5
—166-
Experiment Number 2.3
. _  ^
Im.v. « 1175 B.T.U./hr.ft Re. = 18600
i/'L
xlOO
(1)
Heat
(m.v.
(2)
FTux 
x 100)
(5) ■ (4)
(°p )
Mean
tg-tw
(§F)
Heat Transfer
Coefficient 
B.T.U./(hr.)(ft )(°F)
(1) (2) (3) (4)
8 59 50 55 65 191 138 5.1 4.5 4.5 6.2
15 46 52 54 54 182 128 4.9 5.7 4.9 5*1
22 42 54 62 44 172 118 5.7 5.4 6.0 4.7
29 50 44 51 55 163 109 2.7 5.1 5-5 5.6
54 48 55 46 48 156 102 4.1 5.4 5*5 5*5
36 48 52 40 55 155 99 5.1 7.2 6.2 4*7
58 57 54 58 51 151 97 5.0 6*5 6.7 4*0
40 65 54 55 49 149 95 6.4 6.3 4*5 6.7
42 55 65 42 50 147 95 5.6 5.8 6.7 4.2
46 55 55 56 46 141 87 4*9 4.6 5*5 6.5
55 25 50 51 24 130 76 5.6 4.0 4*6 4.0
64 25 50 64 25 120 66 6.4 5.5 7*1 4*5
75 40 51 25 28 ' 111 57 6.0 6.4 5*6 5.6
82 26 50 17 25 104 '50 5.4 6.1 4.5 4*0
92 20 25 22 18 98 44. 4.5 6,1 6.4 5*5
.... i
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Experiment Number 2.7
Im.v. = 1175 B. T .U ./h r.ft2. Re. = 15400
i/L
xlOO
(1)
Heat
(m.v.
(2-)
^_j_
0
 ^
H 
1^
I --
1 
'----
tg
(°F)
i
Mean|
tg-tw
(®F)
Heat Transfer
Coefficient 
B.T.IT./(hr* )(ft )(°F)
(1) (2) (3) (4)
8 72 59 54 70 219 162 5.2 4.3 3»9 5.1
15 68 45 69 59 205 148 5«4 3.6 5.5 4.7
22 44 32 58 53 191 134 3.9 2.8 5.1 4.6
29 44 40 42 41 179 122 4.2 3.8 4.0 3.9
34 34 33 38 39 170 113 3.5 3.4 4.0 4.1
36 42 72 53 31 166 109 4.5 7.7 5.7 3.3
38 46 75 59 36 165 106 5-1 8.3 6.5 4.0
40 65 60 60 37 161 104 7.3 6.8 6.8 4.2
42 44 59 44 34 158 101 5.1 6.9 5.1 4.0
46 35 35 38 51 150 93 4.4 4.4 4.8 6.4
55 35 31 32 25 136 79 5.2 4* 6 4«8 3.4
64 28 24 27 27 126 69 4.8 4.1 4.6 4.6
73 22 — 25 28 117 60 4.3 — 4.9 5.5
82 22 23 15 20 109 52 5.0 5.2' 3.4 4.5
92 23 21 17 22 101
...
44 6.1
1
5.6 -4.5 5*9
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Experiment Number 2.15
Im.v. = 1175 B.T.U./hr.ft2. He. » 13800
-f/L
x l O O
(1)
H e a t
(m.v.
(2)
F l u x  
x  100)
(3) (4)
tg
(°P)
M e a n
t g - t w
(®p)
H e a t  T r a n s f e r
C o e f f i c i e n t  
B . T . U . / ( h r . ) ( f t  ) ( ° F )
(1) (2) (3) (4)
8 86 64 —  — 90 271 209 4.8 3.6 5.1
15 76 52 74 68 2 0 188 4.7 3*3 4*6 4.3
22 62 48 64 •60 230 168 4.3 3*4 4*5 4.2
29 46 43 40 40 218 156 3.5 3*2 3*0 3.0
• 34 40 38 44 45 207 145 3.2 3*1 3*6 3.6
56 56 80 64 38 203 141 4.7 6.7 5*3 3.2
38 50 80 70 40 198 136 4.8 6.9 6.1 3.5
40 58 62 72 56 193 131 5.2 5*6 6.5 5.0
42 57 54 66 37 190 128 5.2 5*0 6.1 3.4
46 39 37 41 57 180 118 3.9 3*7 4*1 5.7
55 18 37 21 . 26 163 101 2.1 4*3 2.4 3*0
64 45 25 41 44 150 88 6.0 3*3 5*5 5*9
73 28 — 33 27 137 75 4.4 — 5*2 4*2
82 28 30 16 22 126 64 5.1 5*5 2*9 4*0
92 27 25 18 24 117 55 5.8 5*3 3.9 5*1
-1 6 9 -
Experiment Humber 2.8
lm.v. =1175 B.T.U./hr.ft2* Re. = 9450
1/l
xlOO
(1)
Heat Flux 
(m.v. x IOO) 
(2) (3) (-4)
(°P)
Mean
tg-tv
(8F)
Heat Transfer
Coefficient 
1 B.T.U./(hr.)(ft )(°F) 
(1) (2) (3) (4)
8 64 50 64 67 272 213 3.5 2.8 3.3 3*7
15 56 38 55 52 250 191 3.4 2.3 3.4 3*2
22 34 30 46 45 227 168 2.4 2.1 3.2 3*1
29 32 26 28 28 213 154 2.4 2.0 2.1 2.1
34 32 40 34 35 200 141 2.7 3.3 2.8 2*9
36 47 65 46 25 195 136 4.1 5.6 4*0 2.2
38 41 47 56 27 188 129 3.7 4.2 5*1 2*5
40 46 59 62 30 185 126 4.3 5-5 5*8 2.8
42 42 50 42 23 182 123 4.0 4.8 4*0 2.2
46 26 41 36 41 170 111 2.8 4.3 3*8 4*3 '
55 10 26 26 20 153 97 1.3 3.3 3*3 2.5
64 28 19 25 22 138 79 4.2 2.8 3*7 3*3
73 21 — 20 20 127 68 3.6 - ---- 3*5 3*5
82 17 19 12 17 115 56 3.6 4.0 2.5 3*6
92 17 18 14 18 105 46 4.3 3.6 4*6 5.6
Experiment Number i *9
l m . v ,  -  1 1 7 5  B . T . U . / h r . f t 2 R e .  =  7 0 6 0
i/L
x l O O
(1)
H e a t  F l u x  
( m . v .  x  100)
(2) (5) (4)
og
(°P)
:
M e a n  ■ 
t g - t w  
( 8F )
H e a t
B . T .
(1)
T r a n s f e r
C o e f f i c i e n t  
U . / ( h r . ) ( f t  ) ( ° F )  
(2) (3) (4)
8 65 51 62 504 249 5.1 2.5 3.4
15 48 52 49 50 278 218 5.0 2.1 2.6 2.8
22 42 52 50 42 255 195 2.5 2.0 2.9 2.7
29 50 55 50 52 232 172 •2.9 2.5 2.1 2.1
54 40 51 50 51 216 156 2.5 2.1 2.3 2.3
56 49 52 55 19 210 150 5.4 4.7 3*5 1.7
58 58 67 55 26 204 144 5.4 5.5 4.2 2.3
40 75 64 55 24 198 158 4.9 5.1 2.8 2-3
42 54 75 50 21 195 155 4.0 4.8 3.3 2.0
4 6 55 44 26 57 181 121 2.3 2.7 2.7 3.7
*55 11 26 22 19 • 161 101 1.3 2.6 1.5 2.4
64 17 17 57 20 147 87 3.4 2.3 3.1 2.7
75 25 16 22 155 75 2.4 -- 2.9 3.4
82 18 22 11 20 120 60 3.1 3.7 2.3 2.9
92 17 16 12 15 109 49 5.4 3.8 3.1 3.8
-171-
Experiment Number; 2.16
1 m.v. = 1175 B . T . U . / h r  ft2 Re = 3720
Heat Flux tg Kean Heat Transfer
00 (m.v. x 100) (OF) tg~tw Coefficient
(l)
(°F) B.T.U ./ (hr) (ft2) (OF)
(2) (3) (4) (1) (2) (3) (4)
8 67 37 — 40 302 241 3.3 1.8 2.2
15 46 21 21 34 263 202 3-1 1.5 1.2 2.0
22 27 19 21 24 230 169 1.7 1.3 1*4 1.8
■ 29 25 30 9 16 213- 152 1.6 1.5 0.7 1.2 ■
34 ■ 24 20 10 16 : 196 135 1*6 ' 1.6 0.9 1.3
36 37 19 18 11 190 129 3.0 3.3 2.1 1.1
38 38 34 25 11 183 122 2.6 3.3 2.3 1.2
40 31 31 32 27 177 116 2.5 2.9 3.2 3.0
42 29 39 18 15 173 112 2.5 3.0 2.4 1.7
46 16 25 13 16 160 99 1.3 1.9 1.7 1.9
55 6 12 9 8 142 81 0.9 1.4 0.7 1.3
64 10 6 14 14 ■ 130 69 2.6 1.0 1*5 2.4
73 14 , - 7 8 117 56 2.1 1.7 1.7
82 11 9 4 11 103 42 2.8 2.2 1.1 2.2
92 7 7 5 6 94 33 2.5 2.5 1.8 2.5
-172-
Experiment Number 2.10
lm.v. = 1175 ■ B*T.TJ./hrift^. Re. = 2640
0
H] 0
(1)
Heat Flux:
; (m.v. x 100)
(2) (3) (4)
-PO Mean | 
tg-tw 
( F)
Heat Transfer
Coefficient 
B.T.TJ./(hr.)(ft )(°F) 
(1) (2) (3) (4)
8 80 41 50 445 : 393 2.4 1.2 1.5
15 62 38 50 50 379 327 2,2 1-4 1.8 1.8
22 32 26 33 39 323 271 1.4 1.1 1.4 1*7
29 31 21 13 18 283 231 1.6 1.1 0.7 0.9
34 25 31 18 20 250 198 1.5 1.8 1.1 1.2
36 42 . 54 38 19 240 188 2.6 3*4 2.4 1.2
38 39 42 38 20 228 176 2.6 2.8 2.5 1*3
40 43 42 45 76 217 165 3.1 3.0 3.2 5*4
42 36 35 35 17 210 158 2.7 2.6 2.6 1*3
4 6 17 19 16 21 195 143 1«4 1.6 1.3 1*7
55 11 12 11 13 169 117 1.1 1.2 1.1 1*3
64 18 8 7 12 147 95 2.2 1.0 0.9 1*5
73 12 -- 6 10 127 75 1.9 — - 0.9 1.6
82 12 8 3 7 110 68 2.1 1.4 0.5 1.2
92 8 8 5 8 95 43
.....
2.2 2.2 1.4 2.2
-173-
Experiment Number 2*17
l m . v .  =  1 1 7 5  B . T . U . / h r . f t 2 . R e .  =  2 7 2 0
1/l
x l O O
(1)
H e a t  F l u x  
(m.v. x 100) 
(2) (5) (4)
t g
(°F)
M e a n
t g - t w
(®F)
H e a t  T r a n s f e r
C o e f f i c i e n t  
B . T . U . / ( h r . ) ( f t  ) ( ° F )
(1) (2) (3) (4)
8 76 57 — — 48 557 270 5.2 1.6 2.0
15 51 24 17 55 286 225 2.7 1.3 0.9 1.8
22 25 19 18 25 245 184 1.5 1.2 1.2 1.6
29 25 15 6 17 220 ,159 1.9 1.1 0.4 1.5
54 16 19 9 14 200 159 1.4 1.6 0.8 1.2
56 25 54 ■17 11 191 130 2.3 5.1 1.5 1.0
58 26 56 23 9 183 122 2.5 5*5 2.2 0.9
40 25 29 23 7 177 116 2.5 2.9 2.3 0.7
42 24 22 19 ,12 172 111 2.5 2.3 2.0 1.5
46 12 15 10 14 156 95 1.5 1.9 1.2 1.7
55 5 7 5 7 157 76 0.8 1.1 0.5 1.1
64 15 5 5 10 123 62 2.5 0.9 0.9 1-9
75 9 — 5 7 110 49 2.2 — - 1.2 1-7
82 6 ■ 5 2 6 99 58 1.8 1.5 0.6 1.8
92 5 4 5 5 88 27 2.2 1.7 1.5 2.2
-17U-
Experiment Number: 2,18
1 rruv. = 1175 B.T.U./ hr ft2 He » 1610
0
t^l 0
 
$
(1 )
Heat Elux 
(m.v. x 100}
(2) (3) (4)
tg
(°F)
Mean
tg-tw
(OF)
Heat Transfer
Coefficient 
B.T.U./ (hr) (ft2) (o f )
(1) (2) (3 ) (4 )
8 73 40 - 50 605 547 1.6 0.9 1.2
15 47 21 14 77 506 448 1.4 0.7 0.4 2.1
22 33 20 24 50 ! 420 362 0.9 0.6 0.7 1.8
29 67 41 — 35 355 297 2.2 1.1 - 1.3
34 41 31 11 22 307 249 1.5 1.3 0.5 1.0
36 27 19 10 11 290 232 1.2 1.8 0.7 0.7
38 49 34 26 10 271 213 1.9 1.9 1*4 0.6
40 49 46 30 41 251 193 2.4 2.6 1.8 2.7
42 42 56 30 33 240 182 2.3 2.6 2.4 2.3
46 34 33 19 13 200 142 1.9 1.7 1.7 1.1
55 7 6 5 11 147 89 0.9 0.7 0.4 1.6
64 14 - 3 9 123 65 3.8 0.4 1.6
73 11 - 5 3 104 46 2.0 1.3 0.8
82 7 6 2 7 87 29 2.4 2.0 0.8 2.0
92 4 3 2 4 72 ' 14 2,5 2.5 1.7 3*4
-1 7 5 -
Experiment Numbers 2,19
1 m.v• zz 1175 B.T.U./hr ft2 Re ** 1220
i/it Heat Flux tg Mean Heat Transfer
xlOO (m.v. x 100) (°F) tg-tw Coefficient
(1) (2) (3)
(°F) B.T.U
£4
0CM-P•
(4) (1) (2) (3) (4)
8 71 35 - 37 445 382 2.2 1.1 ■- ~ 1.3
15 43 31 17 32 34° 277 2.1 1.6 0.7 1.4
22 27 12 18 18 260 197 1.4 0.7 1.0 1.1
29 18 14 14 10 214 151 1.2 0.7 1.1 0.7
34 27 7 8 21 175 112 2.1 0.6 0.8 2.1
36 .19 13 7 5 162 99 2.0 3.0 0.8 0.7
38 20 '29 14 4 152 89 1.8 3.8 1.7 0.5
40 31 18 11 22 143 80 3.7 2.5 1.6 3.5
42 27 15 14 - 135 72 3.6 1.8 2.9
46 7 3 5 2 119 56 1.0 0.4 1.0 0.4
55 2 1 2 2 99 36 0.7 0.3 0.3 0.7
64 : 7 - 3 9 90 27 4»3 0.9 3.9
73 5 \  - 1 1 81 18 : 3*3 - 0.7 0.7
82 l 1 0 1 71 8 1.5 1.5 0 1-5
92 l l 1 1 67 4 2.9
....
2.9 2.9 . 2.9
- 176-
Experiment Number: 1.16
1 m.v. = 1175 B.T.U./hr ft 2 Re = 441OO
£/l Heat Flux tg
....~i
Mean Heat Transfer
xlOO
(1 )
(m.v. x 100) (°F) tg-ti/
(°F)
1 Coefficient 
B.T.U./ (hr) (ft2) (°F)
(2) (3) (4) (1) (2) (3) (4)
8 85 ¥ 57 86 164 94 10.6 7.1 7.1 10.8
15 81 63 70 55 158 88 10.8 8.4 9.3 7.3
23 53 41 62 152 82 7.6 8.3 5*9 8.9
29 34 68 52 68 147 77 5*2 IO.4 7.9 IO.4
35 49 63 58 69 143 73 7.9 10.1 9.3 11.1
36 58 65 71 59 142 72 9.5 10.6 11.6 9.6
38 56 102 5 6 60 141 71 9.3 16.9 9.3 9.9
39 84 83 75 83 140 70 14.I 14.O 12.6 14.0
41 65 70 77 65 139 69 11.1 11.9 13.1 11.1
45 55 63 55 78 136 66 9.8 11.2 9.8 13.9
54 31 56 37 41 130 60 6.1 11.0 7.2 8.0
63 53 - 58 58 125 55 11.3 - 12.4 12.4
73 35 37 43 42 119 . 49 8.4 8.9 10.3 10.1
81 33 42 23 - 114 44 8.8 11.2 6.1 -
91 30 31 34 35 110 40 8.8 9.1 10.0 10.3
- M l -
Experiment Number; I .15
1 m.v. s 1175 B.T.U./hr ft2 Be = 33200
%/L Heat Flux tg Mean Heat Transfer
xlOO ( m.v. x 100) ( F) tg-tw Coefficient
( F) B.T.U./ (hr) (ft ) ( F)
(1 ) (2) (3) (4) (1) (2) (3) (4 )
8 67 69 75 74 172 101 7.8 8.0 8.7 8.6
15 80 65 4r '63 I65 94 10.0 8.0 8.1 7.9
23 67 63 73 58 158 87 9.0 8.5 9.8 7.8
29 41 55 56 58 153 82 5*9 7.9 8.0 8.3
35 371 43 45 63 148 77 5*6 6.3 6.9 9.636 60 77 62 50 147 76 9.3 11.9 9.6 7.7
38 66 80 66 60 145 74 10.5 12.6 IO.5 9.5
39 85 92 79 46 144 73 13.7 14.8 12.7 7.4
41 82 74 70 54 143 72 13.4 12.1 11.4 8.8
■ 45 49 65 55 75 140 69 8.3 11.1 9.4 12.8
54 29 52 29 39 132 . 61 5.6 10.0 5.6 7.5
65 37 - 62 56 125 54 8,0 - 13.5 12.2
73 30 35 53 44 119 48 7.3 8.6 10.5 10.8
82 31 40 30 36 115 . 44 8.3 10.7 8.0 9.6
91 28 32 30 33 111 40 8.2 9.4 8.8 9.7
-178-
Experiment Number: 1,12
1 m.v. - 1175 B.T.U./hr ft2 Re - 33400
t/L Heat Flux tg
-----
Mean Heat Transfer
xLOO ( m.v. x 100) 0°f) tg-tw Coefficient
(1) (2) (3)
(°F) B.T.U./ (hr) (ft^ (°F)
(4) (1 ) (2) (3) (4)
8 71 61 81 80 169 102 8.2 7.0 9.3 9.2
15 65 48 58 61 161 94 8.1 6.0 7.3 7.6
23 58 49 69 54 153 86 7.9 6.7 9.4 7.4
29 31 48 46 57 149 82 4*4 6.9 6.9 8.2
35 37 57 43 67 144 77 5.6 8.7 6.6 10.2 .
36 54 63 64 48 143 76 8.4 9.7 9.9 7.4
38 50 86 55 51 141 74 7.9 13.7 8.7 8.1 '
39 81 83 80 50 140 73 13*0 13.4 12.9 8.0
41 65 63 58 57 138 71 10.8 10.4 9.6 9.4
45 46 53 49 81 135 68 7.9 0 py . t. 8.5 14.0
54 30 49 23 33 128 61 5.8 9.4 4*4 7.3
63 43 32 58 40 121 54 9.4 7.0 12.6 8.7
73 31 44 39 37 115 48 7.6 10.8 9.6 9.1
82 26 36 22 28 110 43 7.1 9.8 6.0 7.6
91 15 26 28 34 106 39 4.5 7.8 8.4 10.3
~179-
Experiment Number; 1,3
1 m.v. = 1175 B.T.U./hr ft2 Re = 315OO
fyz
2d. 00
(1)
Heat
(m.v.
(2)
Flux 
x 100)
(3) (4)
tg 
(°F)
' "'7‘..
he an
tg-tt 
(°F)
-----  ---- --.
Heat Transfer 
f Coefficient 
B.T;U,/ (hr) (ft2) (°F)
(1) (2) (3 ) (4)
8 56 53 48 49 147 82 8.0 7*6 6.9 7.0
15 54 47 46 47 141 76 8*4 7*3 6.8 7.3
23 47 34 33 44 135 70 7.9 5*7 6.8 7.4
29 25 38 42 zj.6 131 66 4.5 6.8 7*5 8.2
44 49 42 40 127 62 8.3 9.3 8.0 7.6
36 44 45 42 36 126 61 8.5 8.7 8.1 6.9
38 40 61 48 37 125 60 7*8 12.0 9*4 7.2
39 58 61 50 47 124 59 11.6 12.2 10.0 9.4
41 56 47 47 44 123 58 11.4 9.7 9*7 8.9
45 33 43 41 53 120 55 7*1 9.2 8.8 11.3
54 35 35 21 31 114 49 8.4 8.4 5.0 7*4
63 25 29 36 38 108 43 6.8 7.9 9.8 10.4 .
73 21 40 24 32 104 39 6*3 12.1 7.2 9.7
82 15 31 29 20 100 35 5^° IO.4 9.7 6.7
91 20 18 24 27 97 32 7*3 6.6 8.8 9.9
-1 8 0 -
Ezperiment Number: 1.5
1 m.v. = II75 B.T.U./hr ft2 Re » 27000
i/L Heat Flux ■tg Mean
—  —  
Heat Transfer
xlOO (m.v. x 100) (>F) tg-tw Coefficient
(1)
(°F) B.T.U./ (hr) (ft2) (°F)
(2) (3) (4) ‘ (1) (2) (3) (4)
8 49 33 35 45 141 76 7.6 5.1 5.4 7.0
15 50 51 43 45 135 70 8.4 8.6 7.2 7.6
23 48 31 25 37 128 63 9.0 5.8 4.7 6.9
29 22 38 39 32 124 59 4.4 7.6 5.8 6.4
35 33 30 29 38 120 55 7.0 6.4 6.2 8.1
36 37 43 35 28 119 54 8.0 9.4 7.6 6.1
38 37 54 42 29 118 53 8.2 12.0 9.3 6.4
39 40 45 42 39 117 52 9.0 10.2 9.5 8.8
41 ' 56 43 40 33 116 51 12.9 9.9 9.2 7.6
45 37 34 34 52 113 48 9.1 8.3 8.3 12.7
54 18 26 16 27 107 42 5.0 7.3 4.5 7.5
63 25 25 35 33 102 37 7.9 7.9 11.1 10.5
73 19 29 24 22 97 32 7.0 10.6 8.8 8.1
82 17 22 14 13 93 28 7.1 9.2 5.9 5-4
91 13 17 20 22 89 24 6.4 8.3 9.8 10.8
-181-
Experiment Number: 1.7
1 m.v. = 1175 B.T.U./hr ft2 Re « 224OO
&/L Heat Flux tg Mean Heat Transfer
xlOO (m.v. x 100) (°F) tg-tw Coefficierit
(1)
( F) B.T.U./ (hr) (ft"') (°F)
(2) (3) (4) (1) (2) (3) (4)
8 40 40 43 41 145 79 6.0 6.0 6.4 6.1
15 47 38 43 36 138 72 7.7 6.2 7.0 5*9
23 38 33 31 28 131 65 6.9 6.0 5.6 5.1
29 21 32 28 35 126 60 4.1 6.3 5.5 6.8
35 29 34 24 25 122 56 6.1 7.1 5.0 5.2
36 28 31 31 25 121 55 6.0 6.6 6.6 5*3
38 35 48 33 28 119 : 52 7.8 10,6 7.3 6.2
39 38 53 40 33 118 52 8.6 12.0 9.0 7.4
41 42 32 36 36 117 51 9.7 7.4 8.3 8.3
45 33 31 28 36 115 49 7.9 7.4 6.7 8.6
54 14 23 15 20 108 42 3.9' 6.4 4.2 5.6
63 20 21 19 27 103 37 6.3 6.7 6.0 8.6
73 15 24 24 21 99 33 5.3 8.5 8.5 7.5
82 17 18 14 17 94 28 7.1 7-5 5.9 7.1
91 12 12 10 13 91 25 5.6 5.6 ■ 4.7 6.1
-1 82-
Experiment Number; 1.27
1 m.v. = 1175 B.T.U./hr ft2 Re r: I59OO
l/L
xLOO
(1 )
Heat
(m.v.
(2)
Flux 
x 100)
(3) (4)
tg
(°F)
Kean
tg-tu
(°F)
Heat Transfer
Coefficient 
B.T.U./ (hr) (ft£) (OF)
(1) (2) (3 ) (4 )
8 84 79 90 82 228 174 5*7 4*7 6.1 5*5
15 92 56 62 209 155 7.0 4*2 4*7 3*9
23 66 52 62 56 193 139 5.6 4*4 5*2 4*7
29 36 58 50 62 181 127 3*3 5*4 4.6 5*7
35 62 58 56 70 171 117 60 2 5.8 5.6 7.0
36 70 83 70 50 168 114 7.2 8,6 7.2 5*2
38 45 80 61 40 165 : 111 4*8 8.5 6.5 4.2
39 83 88 80 51 162 108 9.0 9.6 8.7 5*5
.41 82 64 - 78 54 158 104 9*3 7.2 8.8 6.1
45 35 50 48 58 152 98 4.2 6.0 5*8 7.0
54 20 23 34 140 . 86 2.7 - 3*1 4*6
63 48 31 48 38 130 76 7.4 4.8 7.4 5*9
73 30 - 39 34 107 63 5.6 - 7.3 6.3
82 27 29 23 2.7 108 54 5.0 5*9 4*6 6.9
91 18
i
27 27 25 100 46 4*6 6.9 6.9 ; 6.4
-183-
Experiment Number 1.17
lm.v. =1175 B.T.U./hr.ft2. Re. = 10500
$/l
x l O O
(1)
H e a t
(m.v.
(2)
F l u x  
x  100)
(3) (4)
t g
( ° P )
i]
M e a n  - 
tg-tv?
(8f )
H e a t  T r a n s f e r
C o e f f i c i e n t  
B . T . U . / ( h r . ) ( f t  ) ( ° F )  
(1) (2) (3) (4)
8 71 62 85 89 290 222 3.8 3.3 4.5 4*7
15 69 55 65 64 265 147 ■ 4.1 3.3 3.4 3*8
23 51 46 61 56 242 174 3.4 3.1 4.1 3.8
29 36 61 59 68 276 158 2.7 4.5 4.4 5*1
35 51 56 53 63 209 141 4-3 4.7 5.4 5*3
36 54 73 64 39 204 136 4.7 6.3 5.5 3*4
38 54 89 56 48 200 132 4.8 7*9 5.0 4*3
39 76 82 64 47 196 , 128 7.0 7.5 5.9 4*3
41 58 65 64 51 193 125 5.5 6.1 6.0 4.8
45 34 44 40 61 183 115 3.5 4.5 4.1 6.2
54 39 32 29 33 ' 165 97 4.7 3.9 3*5 4.0
63 33 — 47 37 149 81 4.8 6.8 5*4
73 22 23 31 31 135 67 3.9 4.0 5*4 5*4
82 23 28 20 21 123 55 4-9 6.0 4*3 4*5
91 23 25 26 23 113 45 6.0 6.5 6.8 6.0
-18I+-
Experiment Number 1.26
lm.v. = 1175 B.T.U./hr.ft2. Re. = 7600
^/L
xlOO
(1)
Heat Flux 
(m.v. x 100)
(2) (3) (4)
(°E)
Mean
tg-tv
(be )
Heat Transfer
Coefficient 
1 B.T.U./(hr,)(ft )(°F)
(1) (2) (3) (4)
8 35 40 40 24 250 181 2.3 2.6 2.6 1.6
.15 47 23 30 34 213 I64 3.4 1.6 2.1 2.4
 ^ 23 37 33 35 31 194 145 3.0 2.7 2.8 2.5
29 50 27 22 35 178 129 4« 6 2.5 2.0 3.2
35 31 27 14 35 166 117 3.1 2.7 1.4 3.5
36 26 42 28 23 163 114 2.7 4.3 2.9 2.4
38 35 37 28 21 160 111 3o7 3.9 3.0 2.2
39 32 32 47 53 156 107 3.5 3.5 5.2 5.8 ■
41 44 33 35 33 153 104 5.0 3.7 4.0 3.7
45 21 20 20 30 . 145 96 2.6 2,4 2.4 3.7
54 19 20 10 15 130 81 2.8 2.9 1.5 2.2
63 — — 14 21 120 '••••71 -- -- 2.3 3.5
73 10 — 15 17 109 60 2.0 -- 2.9 3.3
82 14 17 10 — 100 51 3.2 3.9 2.3 --
91 13 15 14 13 91 42
i— „■
3.6 4.2 3.9 3.6
-185-
Experiment Number 1.23
lm* v. = 1175 B .T.U./tar.ft2. Re. = 6100
O 
tr1
 
O
(1)
Heat Flux 
(m.v x 100)
(2) (3) (4)
tg
(°P).
Mean
tg-th
(®F)
Heat
B.T.U
(1)
Transfer
Coefficient 
•/(hr.)(ft )(°F) 
(2) (3) (4)
8 44 29 25 22 218 165 3.1 2.1 1.8 1.6
15 53 27 30 21 196 143 4.4 2.2 2.5 1.7
23 39 23 30 26 175 122 3.8 2.2 2.9 2.5
29 20 31 20 30 161 108 2.2 3.4 2.2 3.3
35 30 28 25 41 14b 93 3.8 3.5 3.2 5*2
36 38 30 33 20 142 89 5.0 '4-0 4.4 2.6
38 24 53 40 24 ■ 138 85 3.3 7.3 5.5 3.3
39 36 45 39 47 133 80 5.3 6.6 5.7 6.9
41 39 33 37 28 128 75 6.1 5.2 5.8 4.4
45 18 18 18 34 118 . 65 3.3 3-3 3»3 6.1
54 18 19 17 15 103 50 4.2 4.5 4.0 3.5'
63 8 — 13 15 91 38 2.5 4.0 4.6
73 5 — 13 12 82 29 2.0 — 5.3 4.9
82 11 12 5 2 74 21 6.2 6.7 2.8 1.1
91 9 12 11 6 68 15 7.0 9.4 8.6 4.7
—186—
Experiment Number 1.24
l m . v .  =  1 1 7 5  B . T . U . / h r . f t 2 . R e .  =  4 3 0 0
^/L
x l O O
(1)
H e a t  F l u x  
( m . v .  x  100)
(2) (3) (4) ■
tg
(°F)
M e a n
t g - t v
(5p)
H e a t
B . T .
(1)
T r a n s f e r
C o e f f i c i e n t  
U./fcr.)(ft )(°F) 
(2) (3) (4)
8 14 38 21 18 299 246 0.7 1.8 1.0 0.9
: 15 53 23 25 26 274 221 2.8 1.2 1.3 1.4
23 35 28 26 44 248 195 2.1 1.7 1.6 2.6
29 17 27 22 35 226 173 1.2 1.8 1-5 2.4 .
35 20 39 20 40 204 151 1.6 3.0 1.6 3.1
36 33 47 31 22 198 145' 2.7 3.8 2.5 1.8
38 37 48 39 31 192 139 3.1 4.1 3.3 2.6
39 40 36 37 47 187 134 3.5 3.2 3.2 4.1
41 49 38 34 — 181 1?8 4.5 3.5 3.1 ------
45 13 36 18 36 168 115 1.3 3.7 1.8 3.7
54 8 19 10 16 147 94 1.0 2.4 1.3 2.0
63 8 — 15 12 133 80 1.2 ------ 2.2 1.8
73 8 — 15 13 118 65 1.4 ------ 2.7 2.4
82 8 13 3 7 107 54 1.7 2.8 0.7 1.5
91 9 8 9 — — 98 45 2.4 2.1 2.4 ------
-187-
Experiment Humber 1.25
lm.v. = 1175 B.T.U./hr.ft2. Re. = 3800
£/L
x l O O
(1)
Heat 
(m. v. 
(2)
F l u x  
x  100)
(3) (4)
( ° F )
Mean
tg-t*
( p)
Heat Transfer
Coefficient 
* B.T.U./(hr.)(ft ) ( ° F )  
(1) (2) (3) (4)
8 37 35 19 11 263 ; 210 2.1 2.0 1.1 0.6
15 38 21 17 32 238 185 2.4 1-3 1.1 2.0
23 47 27 17 27 218 165 3.3 1-9 1.2 1.9
29 19 20 11 29 197 ; 144 1.5 1.6 0.9 2.4
35 22 30 14 29 178 125 2.1 2.8 1-3 2.7
. 36 22 38 26 12 172 119 2.2 3.7 2.6 1.2
38 26 43 25 20 164 111 2.7 4.5 2.6 2.1
39 29 43 38 53 158 105 3.2 4.8 4.2 5.9
41 28 39 34 36 152 99 3.3 4.6 4.0 4.3
45 10 15 15 22 146 93 1-3 1-9 1-9 2.8
54 12 16 10 11 122 69 2.0 2.7 1.7 1.9
63 — — 5 13 : 109 56 ----- ----- 1.0 2.7
73 7 5 8 10 103 50 1.6 1.2 1.9 2.3
82 0 9 2 — 94 41 — 2.6 0.6 — -
91 7 9 4 1 89 36 2.3 2.9 1.3’ 0.3
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Experiment Number 1.18
lm.v. = 1175 B.T.U./hr.ft2. He. = 1970
1/L 
xlOO
(1)
Heat
(m.v,
(2)
Flux 
x 100)
(3) (4)
tg
(°F)
Mean
tg-t‘
(BF)
Heat Transfer
Coefficient 
at B.T.U./(br. )(ft )(°F)
(1) (2) (3) (4)
8 62 39 19 46 391 333 2.2 1.4 0.7 1.6
15 68 32 16 37 312 254 3.1 1*5 0.7 1*7
23 43 25 16 27 250 192 2.6 1*5 1.0 1*7
29 21 19 9 20 215 157 1.6 1*4 0*7 1*5
33 16 19 9 12 186 128 1.5 1*7 0.8 1.1
36 26 26 16 15 178 120 2.5 2.5 1.6 1*5
38 32 32 21 15 170 112 3.4 3*4 2.2 1.6
39 24 32 17 29 163 105 2.7 3*6 1*9 3*2
41 23 25 18 16 158 100 2.7 2*9 2.1 1*9
45 8 9 8 9 147 89 1.1 1.2 1.1 1.2
54 9 7 4 .10 124 66 1.6 1.2 0.7 1*8
63 8 — 5 8 109 51 1.8 ------ 1.2 1.8
73 6 — 3 5 90 32 2.2 ------ 1.1 1.8
82 4 5 1 — 82 24 2.0 2.4 0.5 ------
91 5 3 2 3 75 17 3.5 2.1 1*4 2.1
- 18 9 -
Experiraent Number: 1,20
1 m.v. = 1175 B .T.H ./hr f t2 Re = 264.O
t/L H e a t Flux t g M e a n ! H e a t T r a n s f e r
x l O O (m.v. x 100) ( ° F ) t g - t w C o e f f i c i e n t
(1) (2) (3)
( ° F ) B . T . U ./ ( h r )  ( f t 2 ) ( o p )
(4) (1) (2) (3) (4 )
' 8 48 30 12 33 300 25O 2.3 1.4 0.6 1.6
■15 45 20 11 - 235 I85 2.9 1.3 0.7 —
23 28 13 8 18 182 132 2.5 1.2 0.7 1.6
29 21 9 4 13 150 100 2.5 1.1 0.5 1,5
35 :20 10 5 13 127 :. 77 3.1 1.5 0,8 2,0
36 15 16 8 - 120 70 2*5 2.7 1.3 —
38 . 12 17 11 8 113 62 2.2 3*2 2,1 1-5
39 11 16 10 5 108 . 58 2,2 3*2 2.0 1.0
41 9 14 9 6 102 52 2.0 3*2 2.0 1.4
45 5 4 4 - 95 45 1.3 1.0 1.0 —
54 2 - _ 1 3 87 37 0.6 — 0.3 1.0
63 4 4 l 3 80 30 1.6 1.6 0,4 1.2
73 2 2 1 2 72 22 1.1 1.1 0.5 1,1
82 1 - 1 1 65 15 0.8 . - 0.8 0.8
91 2 1 1 1 62 12 2.0 1,0 1.0 1.0
-190-
Experiment Number* 1.22
1 m.v. * 1175 B.T.U./hr ft2 Re = 1580
x l O O
(1 )
H e a t  
( m.v.
(2)
P l u x  
x 100)
(3) (4)
t g  . 
( F )
M e a n  
t g - t w  
( F)
H e a t  T r a n s f e r
C o e f f i c i e n t  
B . T . U . /  ( h r )  ( f t x ) ( F )
(1 ) (2) (3 ) (4 )
8 52 32 10 45 381 328 1.9 1.1 O.4 1.6
15 55 19 19 34 300 247 2.6 0.9 0.9 1.6
23 37 15 11 28 227 174 2.5 1.0 0.7 1.9
29 32 13 5 14 182 129 2.9 1.2 0.8 1.3
35 23 23 5 15 153 100 2.7 2.7 0,6 1.8
36 20 19 8 7 146 93 2.5 2.4 1.0 0.9
38 25 20 12 7 237 84 3.5 2.8 1.7 1.0
39 12 20 13 25 129 76 1.9 3.1 2.0 3.9
41 13 13 9 121 68 2.2 2.2 1.6
45 6 5 3 6 110 57 1.2 1.0 0.6 1.2
54 5 - — 6 91 38 1-5 - 1.9
63 — - 0 3 77 24 — 1.5
73 — — 2 3 71 18 - ~ ■ 1.3-' 2.0
82 1 2 1 - 65 12 1.0 2.0 1.0 —
91 2 1 1 5 62 9 2.6 1.3 1.3 6.5
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